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PREFACE TO FIRST EDITION 


T HIS book is a treatise on the applications of Organic 
Chemistry to the arts and manufactures. It embraces 
both British and American practice, and affords, so far as is 
ascertainable in view of the many secret processes employed, 
thoroughly up-to-date information regarding the various branches 
of chemical industry and of manufactures having a chemical basis. 

The editor’s aim has been to cover the whole range of subjects 
with which the industrial chemist and manufacturer are usually 
concerned, and the book will serve either as a text-book or as 
a work of reference; it is intended to meet the requirements of 
all business and practical men interested in chemical processes, 
of manufacturers, consulting chemists, chemical engineers, patent 
workers, inventors, technical lawyers, students in technical institu¬ 
tions, lecturers on technology, fire insurance inspectors, and others. 

Statistics, so important from a commercial standpoint, are 
made a feature of the work. 

Particular pains have been taken to incorporate not only the 
main industries but also minor industries and new and out-of-the- 
way processes and products, the details of which are usually known 
to and obtainable by only a limited circle ; moreover, these minor 
industries have potential importance as the germs of future great 
industries, and frequently, too, as affording, through absence of 
competition, profits far greater than those of fully developed 
trades. A striking example of this is afforded by artificial silk, 
which so took the market by storm (on account of its extreme 
brilliance) that for a time its price actually exceeded that of the 
real article. 

The profitable utilisation of by-products—a matter of great im¬ 
portance to many manufacturers—has received special consideration. 

Patent specifications are usually the first and often the only 
information appearing in regard to a technical process, and it is 
therefore unnecessary to apologise for the large number of recent 
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patents referred to in the text. Commercially many of them are 
unremunerative, yet they often contain useful ideas. 

Matters calling for industrial research have been specially 
emphasised by the editor; for he has recognised that the subject 
of chemical industry is not only one which is full of problems 
whose solution demands the highest technical skill, but also one 
that holds out prizes of very great value to the scientific worker. 
For example, great fortunes lie in the discovery of economical 
processes for converting heavy mineral oil into light motor spirit, for 
the synthetic production of rubber, or for the proper utilisation of 
old leather for glue and gelatine manufacture; while the most 
far-reaching changes in the social and economic life of civilised 
nations have been made by the discovery of chemicals such as nitro- 
explosives, vulcanised rubber, synthetic dyes and drugs, technical 
alcohol, motor spirit, alkalis, glasses, metals, and artificial manures. 

Much of the information in this volume is published in book 
form for the first time, and many of the descriptions of new pro¬ 
cesses and modern plant have been privately supplied through 
the courtesy of industrial chemists and of leading firms of Europe 
and America. 

Full liteiary references are prefixed to each article, so that 
the reader may have before him at once the main authorities of 
all countries. Indeed, the editor ventures to think that the 
account of literature relating to chemical technology in its organic 
branches is the most complete ever published in English, and 
to hope that it will accordingly prove indispensable to the manu¬ 
facturing or consulting chemist, the student, and the business 
man ; for these often experience extreme difficulty in ascertaining 
where to find quickly some special piece of information lying 
outside the confines of the main industries. 

The index has, therefore, been made as complete as possible, 
and numerous cross references are given. 

The development of industrial chemistry, and the variety and 
comprehensiveness of its applications, has proceeded, during the 
past few years, at a rate so bewildering, and has taken such 
curious and unexpected turns, that the days are now past when 
one man, however well qualified, could keep abreast of recent 
advances in the different branches. Consequently, the editor has 
been fortunate in securing the co-operation of a number of experts 
as contributors on their special subjects: their names and attain¬ 
ments, enumerated on the title-page, and, more specifically, in 
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the List of. Contents, are a guarantee that the minutest care 
has been exercised to ensure accurate descriptions of the industries 
concerned, and to these gentlemen the editor owes a considerable 
debt of gratitude. 

It is impossible to thank in detail all those who have supplied 
information, or who have given help in subjects in which they 
have specialised. Nevertheless the editor cannot forego express¬ 
ing his indebtedness to—Dr H. J. S. Sand, of Nottingham, for 
expert technical information ; Dr G. Druce Lander, of London, 
for advice on certain technical problems; Mr C. Ainsworth 
Mitchell, B.A., F.I.C., for information on Vinegar Manufacture 
and for suggestions; Dr Newton Friend for help and advice in 
preparing many sections; Mr Geo. Stade, technical chemist. 
Berlin, for information on Continental molasses distilleries; Mr 
Geo. Clough, B.Sc., for material assistance in many ways; Mr 
J. Louis Foucar, B.Sc., for expert advice on the Coal-Gas and 
Coal-Tar Product Industry; Mr Dewar, F.I.C., for information 
on Linoleum Cements; Mr Paul Arup for information on 
Margarine ; Mr Ernest Dancaster, B.Sc., for information on the 
Turpentine Substitutes and on the Graphitic and Grey Paints used 
by certain engineering companies ; Mr J. B. Cotton for help. 

Among other gentlemen who have helped are—Mr W. H. 
Stephens, A.R.C.S.; Mr A. J. Carrier, B.Sc.; Mr T. Beacall, 
B.A. ; Mr G. M. Painter, B.Sc.; Mr Milsom, B Sc.; Dr A 
Slator; Mr J. W. Barker, A.R.C.S., B.Sc.; Mr F. Allen; 
Mr J. E. Mason ; and Mr W. F. F. Shearcroft. Many of the 
great chemical firms have supplied full details of their more 
important patents, and even drawings of the plant used in 
carrying out certain of their manufactures. To all of these the 
editor returns his best thanks. 

Although every care has been taken in the production of this 
work, yet, in view of the mass of detail involved, it is impossible 
that all errors have been eliminated, or that in every case the 
best processes have been described. The editor will therefore 
be grateful if industrial chemists, manufacturers, and other practical 
men will kindly inform him of any erroneous statements, or will 
call his attention to any serious omissions. Suggestions for 
increasing the utility of the work will be especially welcome. 



PREFACE TO SECOND EDITION 

T HE fact that a new edition of a large book like the present one is 
called for in so short a time after publication indicates that it 
supplies an urgent want in technical literature. 

In the present edition the various sections have been brought up to date, 
while fresh sections have been added on the new industry of the hydrogena¬ 
tion of fats, the manufacture of milk sugar, the manufacture of maize and 
arrowroot starch, the analysis of rubber, and the new synthetic tanning 
materials. 

Mr F. B. Gatehouse, editor of the Acetylene Lighting and Welding 
Journal\ has contributed the article on Acetylene, while Mr Gerald H. 
Martin has contributed the article on Rubber Analysis—a subject in which 
he has had an extensive experience. 

In Appendix II. is given an index list of Trade Names of the newer 
Synthetic Drugs, Photographic Developers, etc., which will probably prove 
useful to many readers, as the information contained therein has hitherto 
proved difficult of access. The list originally appeared in the Journal oj 
the Society oj Chemical Industry , 1914, 33, 1028, and is reproduced here 
with the Editor’s kind permission. 

In preparing this second edition for the press, much valuable help has 
been derived from readers, who have written to point out omissions or 
suggest improvements. The Editor takes this opportunity of thanking 
these readers, and will be very pleased if practical men will inform him of 
errors or omissions which have escaped notice in spite of every effort to 
secure accuracy. 

GEOFFREY MARTIN. 

London, May 1915. 


PREFACE TO SIXTH EDITION 

CONSIDERABLE number of minor alterations have been made in 
f order to keep the book up to date; for example, the section on 
the Vulcanisation of Rubber has been extended in order to include 
the new Peachey process. The Editor thanks the many practical men 
who have pointed out corrections, or supplied details of processes and 
plant used in modern practice, and hopes that they will continue to favour 
nim with further criticisms and suggestions. 

GEOFFREY' MARTIN. 

Gravesend, September 1922. 
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THE OIL, FAT, VARNISH, AND 
SOAP INDUSTRY 


GENERAL NATURE OF OILS, FATS, AND WAXES 

By C. Ainsworth Mitchell, B.A., F.I.C. 

Nature Of Oils.—The substances popularly known as “oils” fall naturally 
into the three groups—mineral, essential, and fatty oils. 

To the first group belong the petroleum derivatives, consisting, in the main, of 
mixtures of various hydrocarbons, which, since they boil at different temperatures, 
may be separated by distillation into fractions such as naphtha, kerosene, heavy 
lubricating oils, and paraffin wax. 

Essential oils, which constitute the second group, are volatile substances which 
occur in different parts of plants. For the most part they are mobile liquids, 
lighter than water, and as a rule are completely volatile without decomposition. 
Exceptionally, as in the case of oil of wintergreen which is fairly pure methyl 
salicylate, they do not consist mainly of a single compound, but usually they are 
composed of mixtures of various chemical compounds, such as hydrocarbons, alde¬ 
hydes, and alcohols. The characteristic odour or flavour of an essential oil is usually 
centred in one or more of these constituents, and an estimation of the proportion 
of these substances affords a means of judging of the value of a given oil. 

Fatty oils, which form the third group, are deposited in the adipose tissue of 
animals, or in the oil cells of seeds or other parts of plants, occurring in the 
form of minute globules enclosed within a thin skin. Chemically, they consist of 
compounds of an alcohol such as glycerol with one or more fatty acids. In these 
glycerides the three bonds of the glycerol may be in combination with the same 
fatty acids (*.£., tristearin); or two bonds may be in combination with one tatty 
acid and the third with another one (e.g . 9 dipalmitostearin); or all three bonds may 
be combined with different fatty acids (eg., oleo-palmito-stearin). Mixed glycerides 
of the two latter types have been discovered in natural fats. 

The properties of the fatty acids isolated from fats by means of saponification 
afford valuable analytical evidence of the nature of the oils whence they are derived. 

Waxes differ from fats, properly so-called, in having the fatty acids combined 
with an alcohol other than glycerol. Thus sperm oil, regarded from a chemical 
point of view, is as much a wax as the typical product, beeswax; whereas Japan 
wax, so-called from its wax-like appearance, is in reality not a wax at all, but a true 
glyceride. 
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[.—MINERAL OILS AND LUBRICANTS, INCLUD¬ 
ING THEIR CHEMICAL EXAMINATION 

By C. Ainsworth Mitchell, B.A., F.I.C. 
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Manufacturing Processes. —Crude petroleum, which is probably a product 
of the decomposition of animal or vegetable remains, is found deposited in oil¬ 
bearing strata in various parts of the globe or in a partially oxidised condition upon 
the surface, whither it has fouml its way through fissures in the rocks. 

It is now usually obtained by Drake’s method of sinking the drill through a 
hollow tube, in some instances to a depth of 2,000 to 3,000 ft. ; and in the case 
of the larger oil-fields is conveyed by a system of pipe lines to the refineries, which 
are situated near the points of distribution. 

In Scotland a considerable quantity of oil is obtained by distilling certain bituminous shales. 
The product is known as “ shale oil ” and is otherwise pumped and distilled much in the same way 
as crude petroleum oils. 

The bituminous shales may be regarded as intermediate in character between natural asphalt 
and the oil-bearing rocks whence petroleum is obtained, and probably represent the| residues of fish 
and other fossil marine organisms. As in the distillation of coal, large amounts of ammonium 
sulphate are obtained. For statistics, see p. 13. 

The mineral oils are composed principally of saturated hydrocarbons. 

American petroleum consists essentially of saturated paraffins, C n H 2n+2 , of 
which Methane, CH 4 (in natural gas), Pentane, QH™, and Hexane, C 6 H 12 (in 
benzine), C 18 H 28 (B.P. 225° C), C 18 H 88 (B.P. 300* C.) (in light petroleum). 

Russian petroleum consists essentially of a number of hydrocarbons of the 
naphthene series C a H 2w such as, e.g. % Heptanaphthene, C 7 H U (B.P. ioo 0 C); 



MINERAL OILS AND LUBRICANTS 


5 


Pentadekanaphthene, C )5 H 80 (B.l*. 247 0 C.), etc. These are cyclic poly¬ 
methylenes, and differ from unsaturated olefines of the same formula in that 
they do not form addition compounds with bromine, and are only slightly attacked 
by HN 0 3 and H 2 S 0 4 . 

The higher boiling fractions of all crude mineral oils consist largely of unsaturated hydrocarbons, 
e.q.., olefines, C n Hsn> acetylenes, C n Il2n-o, and other still more unsaturated bodies. It is the 
prcflbnce of these higher boiling unsaturated hydrocarbons which makes crude oil on standing 
polymerise and oxidise, becoming yellow and ultimately being converted into resinous-like sub¬ 
stances (<’ g. , natural asphalts). It is remarkable that in these mineral oils only traces of benzene 
hydrocarbons, C#H 6 , C 6 II 5 CH 3 , etc., occur; also Russian petroleum usually contains no solid 
paraffin, while considerable amounts are found in American and Galician oils. A small amount 
of oxygen—sometimes 2 per cent.—is present, owing to the presence of organic acids and phenols. 
A small amount of N is also usually present. Some mineral oils, however, contain considerable 
amounts, r.g., Californian oil contains 2 per cent. N—15 per cent, nitrogenous matter. The 
presence of S (in the form of organic sulphides) is particularly harmful and makes refining difficult. 
Some Californian oils contain 2 per cent. S, and in consequence of their unpleasant odour can 
only be used as fuel or for lubricating purposes. 

The process of refining employed largely depends upon the composition of the 
oil and the uses for which it is intended. Where a large yield of lamp oils is 
desired from the crude petroleum the “Cracking process’’ is employed. In 
this the oil is first distilled until 
the products of the naphtha and 
petrol class have passed over, 
after which the temperature is 
raised, and the bulk of lamp oils 
collected in another receiver. 

The next portion of the distillate 
is now made to fall back into the 
still, which has meanwhile been 
heated to a higher temperature, 
and this causes decomposition of 
the oil intermediate in type to 
those of the illuminating and 
lubricating class. The distilla¬ 
tion is then continued until a 
tarry residue is left in the still, 
and this residue is subsequently 
united with similar residues, and 
distilled again, so as to obtain 
fractions of heavy oils, paraffin 
wax, and a final residue of tar 
and coke. Fig. i. —Cracking Still, 

Fig. 1 shows a cast-iron cracking still with hemispherical bottom employed in Russia. After 
the more volatile products have been distilled off, the heat is carefully regulated by dampers, and 
a suitable dephlcgmator is used to return the heavier oils carried over during distillation, the oils 
dropping back into the still and being there decomposed into lighter constituents. 

When distillation is carried to dryness the residual coke is removed through the manhole i>. 
Very often the distillation is aided by the introduction of steam. 

Fig. 3 shows a Russian still, a is the still; B the still head; c c the condensing pipe; n a 
collecting vessel, whence the oils run into reservoirs. The more volatile portions are condensed by 
a coil e surrounded by cold water. Steam is driven in through a or b. The vacuum process of 
distillation is very general for lubricating oils. Fig. 4, p. 10, shows a still used for this purpose. The 
lighter boiling portions are rectified in special stills similar to those employed in the manufacture of 
industrial alcohol; for these see Fig. 2, p. 6, and pp. 297-311. 

The rise into importance of the motor car industry has caused a great demand 
for the more volatile constituents of petroleum. Consequently several new “ crack¬ 
ing” processes have been employed to increase the yield of those lighter constituents 
at the expense of the heavier lubricating and iliuminating'oils. 
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Fig. 2.—Still, with Column, for Frac¬ 
tionating Light Petroleum. 


Thus Cowper-Coles (English Patent, 27,945, 
1906) distils paraffin and passes the vapouis through 
a series of small metal tubes heated to a tem¬ 
perature sufficiently high to decompose partially 
the vapour, which is then conducted into a con¬ 
densing apparatus so as to condense it. The 
liquid thus obtained has a much lower flash-point 
than the petroleum originally placed in the tube. 
Thus Coles states that if the original flash-f&int 
is 120 0 F., the flash-point of the resulting liquid 
may be as low as 16 0 F. 

Noad and Townsend (English Patent, 13,675, 
1908) pass a mixture of petroleum and water into 
a hot air-free chamber filled with red-hot scrap 
iron, which acts as a catalytic agent. The pro¬ 
ducts react, and on condensing the vapours and 
separating the oil and water by fractional distilla¬ 
tion a petroleum is isolated having a much lower 
flash-point than the original petroleum. Noad 
and Townsend state that practically the whole 
of the oil is converted into volatile spirit, only 
a very small percentage of residual carbon and 
permanent gas being obtained. 

When more lubricating oil is required 
the “ cracking ” process is omitted, and 
the receivers changed at an earlier period. 
In another process continuous distillation 
is employed, the oil being passed from 
still to still, each of which is heated to a 
higher temperature. 

The crude oil is invariably separated 
by this distillation into three fractions : 
(1) Crude benzine, B.I\ up to 150° C.; 
sp. gr. 0.75-0.77, called benzine or petro¬ 
leum naphtha; (2) Kerosene, B.P. 150° 
300°; sp. gr. 0.87 (illuminating oil); (3) 
Residuum in still, boiling above 300° C. 

After distillation, the fractions are 
purified by redistillation to remove tarry 
impurities, and by a chemical treatment 
with concentrated sulphuric acid (which re¬ 


moves unsaturated hydrocarbons and bases), followed by caustic alkali (to remove 
acid bodies) and sometimes litharge (to remove all traces of sulphur) or copper 
oxide. For certain purposes it is also necessary to bleach and filter the oils. 
Finally the paraffin wax which separates is freed as completely as possible from 
water and then expressed in a hydraulic press at a low temperature to expel 
the oil. 



Fig. 3.—Russian Petroleum Still. 
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The proportions of these various products obtainable from a given crude petroleum oil depend 
upon the composition of the original substance as well as upon its treatment. 

The following typical analyses show the yields that may be expected :— 


Crude Petroleum Oils. 

Naphthas. 

Illuminat¬ 
ing Oils. 

Lubricat¬ 
ing Oils. 

Paraffin 

Wax. 

Tar. 

Coke. 

Loss, etc. 

Burmese (sp. gr. 0.885) 


Per cent. 

39-8 

Per cent. 
41.8 

Per cent. 

6.2 

Per cent. 

4-5 

Per cent. 

Percent. 

7-7 

Pennsylvanian (sp. gr. 0.802) 

14.5 

39-5 

38.6 

2.4 


2.0 

(including cat) 

3*i 

„ (sp. gr. 0.870) 

5*3 

41.8 

46.6 

3-1 

... 

2.4 

0.8 

Canadian (sp. gr. 0.823) 

u .7 

3&4 

44-5 

2.8 

... 

3*o 

1.6 


It is usual to group under the name of “ naphthas ” the fractions lx>iling below 150* C. Between 
that temperature and 300° C. come the illuminating or lamp oils (kerosenes); while the fractions 
distilling above 300° C. form the lubricating oils. 

The naphthas are further graded by refining and redistillation into fractions, such as gasoline 
(sp.gr. 0.655); naphtha or benzoline (sp. gr. 0.705); and benzine (sp. gr. 0.737). 

The following results quoted by Allen (“Comm. Org. Anal.,” III. 106) show the yields of the 
respective products obtainable from typical American petroleum and from Scotch shale oil:— 


Products. 

Petroleum Oil. 

Shale Oil. 

Sp. gr. 

Per cent. 

Sp. gr. 

Per cent. 

Cymogene and rhigolene 
Gasoline - 
“C” naphtha - 
“B” naphtha - 
“A” naphtha (benzine) 
Kerosene - 
Lubricating oils 

Paraffin wax 

Coke, gas, and loss - 

0.590-0.625 

O.636-O.657 

0.700 

0.714-0.718 

0 . 7 * 5 - 0*737 

0.802 

0.875 

Very small 
1.0-1.5 

10 

2-5 

2.0-2.5 

50-55 

17.5 

2.0 

8-10 

| 0-730 

O.8OOO.8IO 

Very small 

5 

37 

17 

13 

28 


Russian petroleum oil being distilled by the continuous process, in which both dry heat and 
superheated steam are used for heating the stills, gives very different yields of the various products. 
The usual amount of tar obtained is upwards of 20 per cent., and no paraffin wax is separated. 
The lubricating oils derived from Russian petroleum are of a darker colour, and more viscous than 
those of American and Scotch origin, but they become fluid more readily when heated. They also 
give off inflammable vapour at a lower temperature than the other oils of corresponding specific 
gravity. Owing to the fact that they can be exposed to a low temperature without throwing down 
a deposit they form the better lubricants for cold climates. 


Benzine 9 Petroleum Naphtha, Petroleum Spirit 

Those portions of Pennsylvanian oils which boil under 150° first became 
important when they began to be used for the dry cleaning of clothes (since i860). 
Later, benzine was used on a very large scale for extracting fat from cocoa-nuts and 
bones in place of the dangerous carbon bisulphide. Within recent years an 
enormous demand of the more volatile constituents of petroleum (“ motor spirit ”) 
has been set up by the development of the motor car industry, and at the present 
time these portions exceed in price the higher boiling “ illuminating oils.” 

American benzines have a sp. gr. about 0.02 less than that of Russian benzines 
of the same boiling point. The former consist essentially of paraffins, and the 
latter of cyclic-polymethylenes. Before use the crude benzine must be carefully 
purified by treating with concentrated H,S 0 4 and NaOH, and then fractionated in 
column apparatus (see under Spirit Distillation, p. 595, et seq .). 
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For this purpose the oil is allowed to flow in succession through a series of iron cylinders, 
entering at the bottom and flowing out near the top; the first of these cylinders is lead-lined and 
contains concentrated (66 per cent.) H 2 S 0 4 ; the next one is empty (so that the concentrated H2SO4 
deposits) and the succeeding ones are filled with the caustic soda solution. The oil ultimately runs 
from there into an iron still furnished with a column apparatus (see p. 6) and heated with steam 
(a naked fire is too dangerous with volatile oil), and the oil carefully fractionated. 

The following fractions are obtained from American naphtha :— 

a. Petroleum Ether, Gasoline, Solene, B.P. 4o'-7o° C.; sp. gr. 0.64. 
0.65 ; consisting essentially of Pentane, C 6 H 12 , and Hexane, C«H 

14 * 

b. Benzine, B.P. 70**120° C.; sp. gr. 0.70-0.72; sometimes further divided 
into lower and higher boiling fractions (“ benzoline ” and “ naphtha ” respectively). 
The benzoline and naphtha are both sold under the name of petroleum spirit, and 
also as benzine. They are colourless volatile liquids, possessing a peculiar odour, 
and entirely evaporating away on exposure to air without leaving a residue. They 
give off inflammable vapours at ordinary temperatures, and are consequently much 
used as “ motor spirit,” also for the “dry cleaning” of clothes and for extracting fat 
from bones and cocoa-nuts. 

c. Ligroin, heavy benzine, B.P. i2o°-i35° C.; sp. gr. 0.73; and Polishing 
Oil, B.P. i3o°-i6o° C.; sp. gr. 0.74-0.77, are^sometimes used as a polishing oil for 
machinery, but also as turpentine substitutes in making varnishes and paints. These 
are rather slower in drying, but less inflammable than petroleum spirit. 

Shale Spirit is obtained from Scotch shale. When this is distilled at a low 
temperature a quantity of tarry matter is obtained in the receiver. This is known 
as “crude oil,” and is submitted to redistillation when “once-run oil” is obtained. 
The latter is washed with sulphuric acid, and then with caustic soda, and submitted 
to fractional distillation. The th.ee chief distillates are known as “green naphtha,” 
“twice-run light oil,” and “green-oil.” The “green naphtha” is washed with 
sulphuric acid, and then with caustic soda, and again distilled, when “shale spirit,” 
also known as “ shale naphtha,” is obtained. Shale spirit is a very volatile, colour¬ 
less liquid of sp. gr. 0.730-0.760. It possesses a slight odour, and is very inflam¬ 
mable, taking fire at ordinary temperatures. On exposure to the air it evaporates 
away without leaving any residue. Shale spirit contains a mixture of hydrocarbons, 
chiefly paraffins and olefines, the latter forming about 60 per cent, of the spirit. 
The heavier and higher boiling portions of the distillate are used as illuminating 
and lubricating oils. It is largely used as a substitute for turpentine, and is perhaps 
the next best to rosin spirit for this purpose. 

Coal-Tar Naphtha, Benzene or Benzol, C 6 H 6 , is quite a different product 
from benzine or petroleum naphtha, being obtained by distilling coal-tar (see p. 
416). It is similarly used as motor spirit, also for extracting fat and cleaning clothes, 
but it burns with a smoky flame, and so is not such a good motor spirit as 
petroleum benzine. 

The Dry Cleaning of Clothes as practised in laundries is especially useful for woollen 
garments. It consists in (i) agitating the cloth in closed vessels with benzine, which dissolves out 
fat and the attached dirt; (2) rinsing with benzine ; (3) “ centrifuging” to get rid of the benzine 
and dry the cloth. The continual friction of the moving benzine in large extracting apparatus often 
causes it to become so highly charged electrically that it sparks and spontaneously inflames. Many 
explosions have occurred this way and precautions are always taken to detect a high degree of 
electrification of the moving oil. Magnesium oleate is sometimes dissolved in it to make it a better 
conductor of electricity ana so diminish the danger of electrical sparking. 

Carbon tetrachloride (see p. 31), chlorhydrine, and ethylene chlorides are also used for this purpose, 
and, though their vapours are poisonous, have the advantage of non-inflammability. These non- 
inflammable solvents are now fairly.generally used in laundries. 
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Kerosene, Illuminating or Lamp Oils 

This is the portion of the distillate boiling between i5o°-3oo° C. 

The chemical purification of American Pennsylvanian oil is much the same as 
that described under benzine, viz., first with concentrated H 2 S 0 4 , and then with 
NaOH. The NaOH removes the petrolic acids as sodium salts, which are sometimes 
used as soap. Usually 0.5-1 per cent, of 66 per cent. H 2 S 0 4 is thoroughly stirred 
up with the oil by means of a stream of compressed air, and the tarry products 
allowed to settle and run off at the bottom. Next, the oil is similarly agitated with 
water, which is run off, then with NaOH solution, and finally with water. Some¬ 
times it is further bleached by exposure to sunlight. It is imported as an almost 
colourless, weakly bluish-fluorescent liquid of sp. gr. at 15 0 €. = 0.803, containing 
about 85-86 per cent. C, and 13.5-14 per cent. H. There are, however, several 
varieties, having both higher and lower specific gravities than this. 

Much of the present-day American illuminating oil comes from California, and 
the refining is especially difficult on account of the large amounts of sulphur it con¬ 
tains. Treating with PbO, leading the vapours over CuO (which is “regenerated”), 
and other methods of fixing the sulphur are employed, after which follows treatment 
with concentrated H 2 S 0 4 and NaOH. 

The Russian Baku oils (“kerosene”) are purified like the American Penn¬ 
sylvanian. They have specific gravities varying from 0.809-0.8265 (15 0 C.) and 
possess a high illuminating power. 

A considerable quantity of oil is also made for “ carburetting ” coal or water gas 
(see p. 397). Benzol is also used for the purpose (see p. 398). 

Examination of Petroleum and its Products.—The methods of examining crude petroleum oil 
are based upon a fractional distillation upon a small scale, measuring the amounts of the various 
fractions obtained, and determining their physical properties, including the specific gravity, flash¬ 
point, viscosity, etc. 

Specific Gravity.—Special hydrometers are constructed for rapidly testing the specific gravity 
of petroleum products, and for commercial purposes these are usually sufficiently accurate. For 
scientific purposes, however, greater accuracy is required, and the specific gravity should be 
determined with the aid of a specific gravity bottle or Sprengel’s tube. 

In the American trade, oils are usually described by their specific gravities, as for example 
“875 pale oil” ; “ 885 pale oil ” ; “903-907 pale oil”; 44 910-912 pale oil.” 

Flash-point.—The temperature at which an oil gives off inflammable vapour is of the 
greatest importance in the case of illuminating and lubricating oils. A few years ago lamp oils 
were frequently sold with too low a flash-point, and were the cause of innumerable accidents, but 
this is now less common, since the greater demand for petrol has made it commercially profitable 
to remove more completely the portions boiling at a lower temperature. 

The flash-point may be approximately ascertained by the 44 open test,” which consists in heating 
a little of the oil in a porcelain crucible embedded in sand, and applying a light from time to time 
until the vapours take fire, the temperature being then read on a thermometer previously placed in 
the oil. For illuminating oils special apparatus is used, and this value is determined by the “close ” 
method. . In this country Abel’s apparatus is used officially, while on the Continent Pensky’s 
modification is usually the standard instrument. The results obtained by the two methods differ 
slightly, those given by Pensky’s apparatus being, on the average, about 2° C. lower. 

In America the “ fire test,” or the temperature at which the body of the oil takes fire, is also 
frequently made; but as Allen pointed out, this test gives erroneous results, since a kerosene oil, 
when spilled, may ignite at a temperature far below that shown by the test. 

Speaking generally, an oil which flashes at about 73 0 F. in Abel’s apparatus (or about ioo° F. in 
the open test) would show a 44 fire test ” of about 120° F. 

Petroleum burning oils have a flash-point of 73°-iio° F. ; paraffin burning oils, ioo°-i2o® F.; 
naphtha, 6o°-70° F. ; linseed, about 470° F; rosin, 3io°-320° C. 

Viscosity. —Various methods have been devised for obtaining some measure of the degree 
of the so-called “viscosity” of oils, but that generally employed consists in determining the time 
taken by a given quantity of oil to run through a small opening under definite conditions of 
temperature, etc. 

For this purpose special apparatus is usually employed, the separate parts of which are made to 
standard measurements, so that results obtained by different workers may be comparable. The 
time in seconds (/.*., the efflux velocity) may be compared with rape oil (or sometimes with water) 
as a standard substance, and the values obtained at different temperatures afford an indication 
of the probable behaviour of the oil when used as a lubricant. 
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The following figures given by Redwood * are typical of those obtained with a viscosimeter. 
The results are comparable among themselves, but are not reduced to a standard. 






Relative 

Time ir 

1 Seconds (Redvt 

ood). 



Oil. 


-- 

— 


~ 



— 




5o r F. 

^ 70° F. 

ioo° F. 

140° F. 

200° F. 

250° F. 

300' F. 

Refined rape oil 

. 

. 

712.5 

405 

M 7 

105-5 

58 -S 

43.25 


Beef tallow - 

- 






54-75 

40 

... 

Sperm oil - 

. 

- 


136.8 

60.5 

50.75 

42 

34.75 

30 

Neatsfoot oil 

. 

- 

620 

366 

126 

88.4 

50.4 

44 

38 

American mineral oil (sp. gr. 

0.885) . 

145 

1 90 

47 

4 i 



,, • ,, 

(sp. gr. 

0.923) - 

1,030 

485 

126 

82 

42 



Russian 

(sp. gr. 

0.909) - 

2,040 

| 820 

174 

116 

48.5 




semi-solid - 



531 

317.5 

1 09-25 

i 59.25 

42.6 


Calorific Power. —A determination of the calorific power of oils is valuable in the case of 
products intended for fuel or oil engines. It is usually estimated by combustion of the oil in oxygen 
in a calorimetric bomb; but it has been shown by Sherman and Kropff + that in the case of American 
oils, at all events, there is an approximate relationship between the calorific power and the specific 
gravity, which may be expiesscd by a formula. 

Thus they have found the following values to correspond approximately :— 

A sp. gr. of 0.7-0.75 indicates about 11,700-11,350 calories. 

„ 0.75-0.08 11,350-11,100 „ 

,, 0.8-0.85 ,, 11,100-10,875 ,, 

„ 0.85-0.9 „ 10,875-10,675 „ 

„ 0.9-0.95 ,, 10,675-10,500 „ 

S 

to 





Vacuum 

Pump 

Fig. 4. —Lubricating Oil Still. 


Still Residuum —Lubricating Oils—Vaseline 

The residue which remains in the stills after the oil boiling * below 300° C. has 
been distilled over consists of 10-25 per cent, of Pennsylvanian oil, 50 per cent 

* Quoted by kind permission of Messrs Griffin & Co. from Redwood’s “ Petroleum.” 
t /mm. Amer. Cnem . Soc. % 1908, 30, 1626. 
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Californian oil, and at>out 60 per cent, of the Baku oil. This residue is largely 
used as fuel (“Masut,” “Oil Fuel”), but is also worked for lubricating oils and 
pitch by further distillation. The thinner portions of the distillate are used as 
“oil gas” for carburetting illuminating gas, while the thicker portions constitute the 
mineral lubricating oils. Some % of the American and Galician residues are very 
rich in paraffin and are worked for this. 

For the machine lubricating oils the residues are distilled in a vacuum with 
superheated steam, whereby decomposition is avoided, and to remove solid 
paraffins the oils are cooled and forced through a filter press. They are then 
treated with concentrated H 2 S 0 4 , NaOH, and H 2 0 . 

Fig. 4 is a rough diagram of a lubricating oil still. The petroleupi still residues are placed in 
the boiler A, superheated steam is driven in through b t while a high vacuum is maintained by means 
of the tube cc . The oil distils and passes up the dephlegmating tubes, b 2 , b 2 , b 5 , and is there 
fractionally cooled, the least volatile oil running out through the condenser d x > while a more volatile 
oil is collected from d 2 * anc ^ the most volatile oil of all through rf 3 . 

For coarse lubricating greases for rollers, wheel axles, etc., distillation is not 
resorted to, but a careful chemical purification with H 2 S 0 4 and NaOH (to remove 
pitch) is performed on the crude still residues. 

Lubrication.—The choice of a lubricant depends principally upon the 
type of machinery for which it is required. Owing to the growth of the 
mineral oil industry the amount of fatty oils now used for this purpose is 
small in comparison with the former consumption, but for certain purposes 
fatty lubricants are still widely employed, either alone or in admixture with 
mineral oils. 

Thus, for the wheels of clocks and other fine machinery, neatsfoot oil, hazel-nut 
oil, and lard oil are in common use, while inferior grades of olive oil, castor oil, 
rape oil, sperm and arctic sperm, and certain blubber oils, are also employed for 
cold machinery. 

As is shown in the table on p. io, the viscosity of fatty oil diminishes much 
less rapidly than that of mineral oils on raising the temperature, and it is therefore 
advantageous, where other conditions permit, to use a mixture of the two kinds 
of oil. 

Oils belonging to the semi-drying class (<?.£., cotton-seed oil), or drying oils, such 
as linseed oil, are quite unsuitable as lubricants, owing to their, rapidly absorbing 
oxygen from the air and becoming sticky. Oils of this class should not contain 
free mineral acid or more than a trace of free fatty acids, which gradually corrode 
metallic surfaces. 

The objection to the use of fatty lubricating oils in cylinders or other machinery 
working at a high temperature is that the oil is partially decomposed, and that the 
iron is attacked by the liberated fatty acids. 

Mineral Lubricating Oils. —As was mentioned above, in addition to the 
oils separated by distillation irom crude petroleum as described, and having a 
sp. gr. of 0.840 and upwards, similar oils are prepared by the destructive distilla¬ 
tion of lignite and shale, and redistillation of the residuum. 

Certain oils of high density are obtained by the process of “sunning” or 
evaporation, by exposing the oil to the air or by concentrating it with steam at a 
low temperature, but the bulk of such oils is obtained by distillation. 

Mixed oils, consisting of suitable proportions of fatty and mineral oils, are 
found in many lubricants on the market. The proportion of the former may be 
ascertained by determining the saponification value of the mixture. 

Lubricating Greases.— These may contain solid fats, vaseline, various 
metallic soaps (especially those of aluminium) of fatty or resin acids, incorporated 
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with more liquid mineral or fatty oils or rosin oil, and sometimes blended with 
solid substances, such as plumbago. Products containing so many possible con¬ 
stituents must necessarily show considerable variations in composition, and the 
results of mechanical and physical tests, coupled with the absence of injurious 
substances, afford the best criteria of their suitability for lubricating purposes. 

Water soluble oils are becoming more and more widely used owing to the presence of alkali 
soap . They readily emulsify with water, and are used to oil wool for spinning, to grease tool 
machines, for ointments, etc. Boleg (see German Patents, 129,480, 122,451, 148,168) makes heavy 
tar oils soluble in water by adding crude resin oils (which see), saponifying them with alkali, and 
oxidising under pressure. They will bear mixing with a considerable amount of water without 
becoming turbid. 

Acheson’s Deflocculated Graphite (“Dag”), recently put on the market, is obtained by 
macerating graphite with a solution of tannin or other organic fluid for several weeks, whereby it is 
so finely divided that it forms a permanent emulsion, containing 0.3 per cent, carbon, with water. 
This “molecular” graphite forms an excellent lubricant, I cubic inch of the graphite being 
equivalent to 5 gallons of oil. Aqua-dag is the graphite prepared with water. It prevents the 
rusting of iron, and has been employed with success in lubricat’ ^ tools for cutting pieces of 
shafting. Aqua-dag is made by mixing the molecular graphite with water in barrels, allowing to 
stand three weeks, decanting, and passing through filter presses containing special cloth. The 
emulsion will not mix with oil. Oil-dag is prepared by pouring oil over the filtered dag, then 
pouring off the oil with some water. The dag is then treated in a vacuum to remove the water, and 
oil finally added. Both oil-dag and water-dag are largely used, although oil-dag has the advantage 
over water-dag that the oil does not evaporate (see Engineering, 17th November 1911, p. 673). 

Examination of Lubricating Oils. —The flash-point of lubricating oils should be ascertained 
to show that the oil does not give off dangerous vapours at a low temperature. It should not be 
lower than about 175 0 C. in the open test, and about ioo° C. higher than this for oils intended for 
use in cylinders. 

Cold Test. —This is made by immersing the tube containing the oil in a freezing mixture and 
slowly stirring the contents until solid matter separates. The test is of great value in the case of 
oils which are intended to be used in cold climates, since an oil with high freezing point is liable 
to congeal in the machinery. In Prussia the State Railway specifies that an oil when examined in 
a special apparatus shall not solidify at -15° C. in winter or at -5 0 C. in summer, different classes 
of oil being thus permitted at different seasons. 

Ash. —The amount of residue left on igniting a pure mineral lubricating oil is insignificant, 
whereas oils containing soaps of sodium, potassium, calcium, or aluminium wdll leave a material 
quantity of ash. 

Water. —The presence of water in a mineral oil is indicated by a turbidity which causes the 
liquid to froth up when heated, whereas turbidity due to paraffin wax may be removed by heat. 

Gumming Tendency. —The liability to “gum” or become sticky upon machinery may be 
roughly estimated by placing drops of equal size of different oils upon an inclined surface, and 
noting the time before the oil ceases to run, owing to its increased viscidity through oxidation. In 
addition to oils of the drying and semi-drying class (such as linseed and cotton-seed oils), resin oils 
and fish oils also absorb oxygen rapidly from the air, and become “ thick.” Hence they should not 
be used for lubricating purposes. Various chemical methods based upon a measurement of the 
amount of oxygen absorbed by an oil in a given time have also been devised. 

Evaporation Test. —A weighed quantity of the oil is heated for a definite time at a constant 
temperature, and the loss in weight determined. In the case of oils intended for ordinary 
machinery, the temperatures of 6o°-ioo° C. are employed, whereas for cylinder oil a temperature 
of i50°-300° C. is needed. According to Lant Carpenter a mineral oil losing more than 5 per 
cent, of its weight at 6o° C. is unsuitable for lubrication, as it is liable to form a viscous residue 
and leave the bearings dry. In the case of cylinder oils the loss at 188 0 C. should not exceed 
0.25-0.5 per cent. (Archbutt). 

Tar and Coke. —In order to obtain further information as to the probable behaviour of lubricat¬ 
ing oils at high temperatures, Kissling * has devised conventional metnods of estimating the amounts 
of tar-like and coke-like substances present in an oil, and also the amounts formed after exposing 
the oil for fifty hours to a temperature of 150° C. In the estimations, the oil is heated with alcoholic 
alkali, and the aqueous alkaline extract subsequently extracted with benzene to separate tarry 
matteis or treated with petroleum spirit to separate coke-like substances. The empirical values 
thus obtained are termed the “tar value” and the “coke value,” and the corresponding “tar¬ 
forming” and “coke-forming” values may be found by similar estimations upon the heated oil. 


* Chem, Zeit. % 190S, 32, 938. 




VASELINE 


*3 


The following results are typical of those given by different kinds of oil:— 



I. 

Heating. 

II. After Heating 
for Fifty Hours 
at 150° C. 

Total 
of I. 

Total 
of II. 

Tar 

Value. 

Coke 

Value. 

Tar 

Value. 

Coke 

Value. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Steam cylinder oil, Pennsylvanian 

0.0^3 


0.185 

0.020 

0.023 

0.205 

Spindle oil, Pennsylvanian * 

0.090 

... 

O.299 

0.114 

0.090 

0.413 

Machine oil, German - - - 

0.227 


0.740 

0.827 

0.227 

1.567 

Turbine oil (used), Pennsylvanian 

I.083 

trace 

>•463 

1.199 

I.083 

2.662 

Cylinder oil, Texas 

I.H 3 


1-377 

I.294 

I.II 3 

2.671 

Heavy engine oil, Texas 

I.234 

... 

1.220 

1.128 

1-234 

2 -348 

Cylinder oil, F u<Aian - 

0.266 

... 

0.501 

O.484 

* 0.266 

O.98S 

Heavy machine oil, Russian 

O.239 

... 

0.458 

O.782 

0.239 

1.240 

Spindle oil, Russian - 

0.213 

... 

1 

0.474 

o -753 

0.213 

1.227 


From the results of these tests Russian lubricating oils appear to be inferior, as regards the 
amount of tar they contain (or formed on heating), to Pennsylvanian oils, but better than Texas oils. 
% 

Vaseline is manufactured by carefully distilling suitable kinds of crude petroleum 
in vacuum stills (to diminish dissociation), and filtering the residue through animal 
charcoal filters heated to about 50° C. The first runnings are colourless and form 
Vaseline, the later runnings are brown and form “ filtered cylinder oil.” 

Vaseline is manufactured from Galician oils (a) by evaporating the oils up to 
340°, dissolving the syrupy residues in petroleum ether (sp. gr. 0.66), decolourising 
repeatedly with animal charcoal, and evaporating off the solvent; (b) by bleaching 
the crude oil by passing through steam jacketed charcoal filters, and distilling in 
vacuo (10 to 15 mm.) at 250° C. 

Vaseline consists of a mixture of hydrocarbons, and has the composition 
0 = 86-87 per cent., H= 13-14 per cent. 

Most of the “Vaselines” now on the market are merely artificial mixtures of ccresine (18 per 
cent.) with oils, sometimes (in poor qualities) with the addition of paraffin wax. 

For Rosin Oils see p. 339. 

Statistics. —The following figures show the quantity of mineral oil and vaseline imported into 
the United Kingdom : — 



1906. 

1910. 

Value in 1910. 

Petroleum — 

Crude.Calls. 

1,112,710 

187,318 

£ 

3,3*o 

Lamp oils ,, 

151.239,979 

138,828,483 

1,850,918 

Motor spirit - - - »» 1 

26,792,687 

1 55,049,210 

1 , 340,55 1 

Spirit, other than motor spirit ,, J 

l 1239,948 

4,872 

Lubricating oils - - - ,, 

49,704,819 

58,560,651 

1,705,866 

Gas oil ,, 

5 &. 5 SC 32 I 

57.507.13* 

477,704 

Fuel oil - - - - 

13.819.091 

34 , 363,276 

262,455 

Other sorts - - - - ,, 

... 

733.819 

17,206 

Vaseline and Mineral Jelly - Cwt. 

... 

21,773 

47,960 


The United States in 1910 imported 13,693,000 gallons (value, $609,000), and exported: 


Crude petroleum 
Light petroleum 
Illuminating oil 

Lubricating and heavy paraffin oil 
Residuum, tar, pitch, etc. 


16S, 900,000 galls, (value, $5,277,000) 
77,650,000 „ ( „ 6,302,000) 

- 1,005,027,000 ,, ( ,, 62,477,000) 

I 70>43°» 000 >» ( »> 20,891,000) 

124,055,000 „ ( „ 4,141,000) 
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The world’s production of crude petroleum is shown by the following figures 



1894. 

‘ 1908. 


Tons. 

Tons. 

United States . 

6,500,000 

23»900,000 

Russia . 

5,000,000 

8,300,000 

Gahcia . 

130,000 

1,750,000 

Ronmania - 

70,000 

1,150,000 

Dutch Possessions in the Indian Seas - 

115,000 

1,140,000 

Straits Settlements, etc. 

44,000 

670,000 

Mexico. 


460,000 

Japan . 

21,000 

280,000 

Germany. 

17,000 

140,000 

Peru - . 

... 

130,000 

Canada . 

116,000 

70,000 

Total 

12,000,000 

38,000,000 


The shale oil industry of Scotland is still impoitant. In 1909 3,000,000 tons of oil shale were 
distilled, yielding 280,000 tons of crude oil, and 57,000 tons of ammonium sulphate. The crude oil 
on redistillation yielded 85,000 tons illuminating oil, 16,000 tons motor spirit, 40,000 gas oil, 40,000 
tons lubricating oil, and 25,000 tons paraffin. The principal firm is J. Young, of Glasgow. 
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When complex hydrocarbons like coal, paraffin, etc., are heated we obtain a 
yield of hydrocarbons of the simpler type. In general four classes of products 
are obtained:— 

1. Permanent gas, like h)drogen, methane, etc. 

2. Volatile fuels for internal combustion engines. 

3. Aromatic hydrocarbons. 

4. Pitch and charcoal. 

It is a general principle that the subjection of hydrocarbons of all sorts to a high 
temperature tends to break down the more complek molecules into lighter and 
more volatile molecules. The process of cracking oils with a view to obtaining 
more volatile oils from heavier oils depends upon this fact. 

The rapidly growing demand for volatile hydrocarbons for use as fuel in internal 
combustion engines for motor cars and aircraft has given an enormous impetus to 
the development of cracking processes within the last few years. 

The production of “cracked” spirit in the United States rose from 80,000 gals, in 1915 to 
200,000 gals, in 1916, and is still increasing, while 3,000,000 motor cars were registered in the 
United States alone in 1916. 

Also the cracking of petroleum with the object of obtaining aromatic hydro¬ 
carbons has within recent years attained considerable importance as a possible new 
source for raw materials for the manufacture of high explosives. 

Both Hall’s and Rittmann’s processes (described below) have been worked for 
benzene and toluene for manufacturing high explosives. 

We will first describe what is known relating to the chemical changes involved 
in the cracking of oils, and the influence of temperature pressure and catalysts 
thereon. 

We will then describe the plant used in the various cracking processes and the 
properties of the different kinds of cracked spirit. 
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Mechanism of the Chemical Changes Undergone when 
Oils are Cracked 

The breakdown of hydrocarbons under the influence of temperature and 
pressure is a very complex action. 

The main products of cracking paraffins at low temperatures, say 40o , ’-5oo° C-, 
are paraffins and (defines. 

Dunstan and Thole suggest that at these low temperatures the more complex paraftin molecule 
split up into simpler paraffin molecules and into olefines thus :— 

(;iT,.ClI a .(:iIo.ClI s .CII s .Cl] a .CII tf .CH 3 . paraffin. 

4. 4 

CH.;.(CiyXH.=CI4 1 Clb.CfL.CIIj. CI[ ; ,(CIl.j) 4 <'fI — Cll.j. + CII 4 . 

Oleiine. Paraffin. Olefine I’aiaflm. 

The simple paraffins, being stable at the given temperature, are assumed not to change fuither, 
whereas the olefines, being very reactive bodies under these conditions, rapidly undergo furthti 
transformations, and condense, with elimination of hydrogen, forming complex molecules. These 
also are unstable under the temperature conditions, and again split up into paraffins, naphthenes, and 
other unsaturated compounds. The higher olefines are thus centres of change. It has been shown, 
for example, that erythrenc is an almost universal product in the cracking of petroleum, being 
produced from higher olefines thus : — 

C 1 I,=CII. -CIL ILK->CII a =CH- CIl=r(TL f R. 1 I. 

Cyclo-paraffins anti similar compounds are assumed to he produced thus:— 

Heptane CIL.-CJL = CIL - CIL- Cl L-CIL-CIL,. 

Hexylene CI 1 3 -C 1 L-CIL - CIL-Cll-OIL-I CII 4 . 

4 - .Cll.,- CIL 

Cyclo-hcxane CIL/ >CIL,. 

“ CIL-Cll/ 

Moreover, in the presence of free hydrogen (split off from decomposing hydrocarbons, 

ColI 6 = C 2 U 4 -t- 1 L) the cyclo-paraffins may split up, yielding ordinary paraffins, thus :— 

/CIL- CII 2X 

CTI.< >C 1 I., + 1 I 2 =CIVCH 2 .CH 2 CII 2 CILCH. } . 

“mhl-civ 

A. E. Dunstan and F. B. Thole illustrate the behaviour of a paraffin cracked at the lowest 
possible temperatures (400°-500° C.) by the following scheme :— 

Paraffin 

_I_ 


Olefines Lower Paraffins 


Cyclo-paraffins Lower Olefines Erythrene Hydrogen and Carbon 

I II I 

Paraffin Ethylenes Partly polymerises Partly Methane 

When paraffin oils are cracked at high temperatures (eg., 7oo°-8oo° C.) quantities 
of aromatic compounds, like benzene, toluene, etc., make their appearance. 

Berthelot believed that, at high temperatures, hydrocarbons broke down into acetylene, which 
then polymerised into the different aromatic bodies thus 

^ C0H0 -f 3H2* 30 J Is ^ C U I If,. 

Berthelot proved that acetylene at a dull red heat produced benzene, styrolene, naphthalene, 
retene, etc., and at a bright red heat was decomposed into its elements. 

The fact that acetylene could not be detected among the products of decomposition of hydro- 
carbons has caused this “acetylene” theory of production of aromatic compounds to be regarded 
as improbable. 
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Bone ami Coward, in 1908, suggested the formation of nascent radicles, such as CII« ; 
CH2=; and CH ;t —; which, at high temperatures like 700° or 8oo° C, have only a fugitive 
existence, and which, by uniting together, form the aromatic molecules found in petroleum 
cracked at high temperatures, but which also decompose, yielding hydrogen, methane, and carbon* 
Dunstan and Thole illustrate this by the following scheme :— 


Hydrocarbons. 


C + 1 I 


ch 4 


CHz 


C0II0 

Acetylene 

I 

4 ' 

Aromatic 

Ilydiocarbons 


C 1 I 4 


Cl I, 


Cil 4 


<CII 2 )x 
Cyclo-paraffins 


Aromatic 

Hydrocarbons 


C,lf 4 

I 

Polymers 


1 

ch 3 - 

C 1 I 4 


Di-olefines Hydrogen 


(CHo)x 

Cyclo*paraffins 


Influence of Temperature on Cracking of Petroleum Oils 

At the highest temperature there is a complete decomposition of the hydro¬ 
carbons into their elements. 

'The decomposition on which cracking or decomposition begins depends upon 
the molecular weight and composition of the oil. The more complicated the 
molecule the more readily it decomposes. Unsaturated hydrocarbons decompose 
more readily than saturated compounds; the more unsaturated the compound, the 
more readily it undergoes the change. 

The velocities of the chemical changes are profoundly altered by even small 
alterations of temperature; an increase of io° C. in general doubles the velocity of 
reaction. 

Alteration of temperature also profoundly alters the nature of the products formed, 
very small differences of temperature causing very different products to appear. 

Moderate temperatures (e.g.> 500° C.) yield a mixture of paraffins and olefines. 

Higher temperatures (e.g., 700° C.) tend to cause the generation of aromatic 
bodies, together with olefines, di-olefines, and a small quantity of paraffins. 

Rittman considers that “gasoline” formation begins about 400° C, and 
approaches a maximum at 500^550° C. The greatest content of aromatic 
hydrocarbons occurs between 650° and 700° C, 

A temperature about i,ooo° C. yields mainly permanent gases (methane, 
hydrogen, etc.) and a tar similar to coal tar, containing aromatic hydrocarbons. 

In general, an increase of temperature favours the production of substances whose formation is 
accompanied by the absorption of neat (ue, , endothermic bodies); conversely, the formation of bodies 
whose formation is attended by the evolution of heat (*>., exothermic bodies) is checked by rise 
of temperature. 

For example, heat is evolved during the change C + 2lI 2 =CII 4 + 21,750 calories. Hence 
if heat is admitted to the system the equilibrium is displaced in such a direction that heat is 
absorbed, ue. y the dissociation of methane CII 4 sets in. On the other hand, we would expect that 
an endothermic action such as C a II 6 =:C a H4 + H a -31,270 calories, would be favoured by an 
increase of temperature. 

By observing this rule it is possible to predict what compounds are likely to appear as the 
temperature increases. 


Effect of Pressure on Petroleum Cracking 

In any reversible reaction an increase of pressure causes the equilibrium to be 
displaced in the direction in which the volume diminishes, t\e. 9 increase of pressure 
favours the formation of products possessing a smaller volume. Conversely, a 
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diminution of pressure favours the production of substances occupying an increased 
volume. 

For example, methane may be formed from carbon thus:— 

C + 2H a = CI 1 4 

a vols. i vol. 

As the change is accompanied with a diminution of volume (the volume occupied by the carbon 
is negligible in comparison to the volume of the other gaseous products present), we would expect 
that at a high pressure the formation of methane would be favoured. 

Similarly in the reaction C a H 6 —C 9 H 4 +H s an increase of volume occurs, and a diminution 
of pressure would favour this reaction, while an increase would act unfavourably on it. 

Generally, increase of pressure favours the hydrogenation of unsaturated com¬ 
pounds and carbon, and tends to inhibit the decomposition of a paraffin into lower 
olefine compounds. 


Effect of Catalysis on Cracking of Petroleum 

In a reversible action the presence of a catalyst merely accelerates the establish¬ 
ment of the conditions of equilibrium appertaining to the particular temperature 
and pressure to which the system is subjected. A catalyst never establishes a 
different state of equilibrium than that corresponding to the temperature and 
pressure prevailing, different catalysts acting by increasing the rate at which the 
chemical changes take place, the quickening taking place in both directions to the 
same extent. 

We have shown that, at a sufficiently high temperature, all hydrocarbons are 
decomposed into products of a lower molecular weight. In the presence of 
catalysts these changes take place at a lower temperature, and thus with a greater 
degree of ease and smaller loss. 

Coke. —This has been proved to have a specific action in promoting the action C + 2lI 2 = CH 4 .‘ 
It also accelerates the decomposition of methane, and accelerates the formation of diphenyl. 

Reduced Nickel. —Acetylene passed over reduced nickel at 250° C. yields carbon, hydrogen, 
and liquid hydrocarbons. These hydrocarbons on being hydrogenated over nickel at 200-300 5 C. 
yield parafEnoid and cycloparaffinoid bodies, very similar to petroleum. 

Zanetti states that reduced nickel at high temj>cratures inhibits the formation of hydrocarbons. 

Aluminium Chloride. —Heavy petroleum residues were converted by Humphrey’s into 
aromatic bodies by the action of aluminium chloride, and a cracking process founded on this 
property has been patented. 

Other anhydrous metallic halogen compounds appear to act simultaneously. 

Alumina and Floridin polymerise certain hydrocarbons (e.g., ethylene) to aromatic compounds. 

Iron shavings, Metallic Oxides, etc. —These have been used as catalysts, their action 
depending on the extent of surface exposed. 


Technical Processes for Making Motor Spirit by Cracking 

Petroleum 

The processes may be divided into three main types :— 

1. “Still” processes. 

2. “ Tube ” processes. 

3. Processes which depend upon the use of special catalysts. 

In “Still” methods a large bulk of oil is heated to a high temperature for a considerable 
time, while passing slowly through a large still, the distillate being condensed best under pressure. 
«« Still ” methods suffer from the obvious defect that a large bulk of a dangerously inflammable 
material is heated often under a high pressure to very high temperatures. Large quantities of 
carbon separate out on the bottom and sides of the still, forming non-conducting layers which 
render the still liable to over-heating, and the “still” bottom to frequent failure, with consequent 
danger of fire. 
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In the “tube” process, the oil or oil vapour is passed more or less rapidly through a 
system of heated tubes, condensed in the ordinary way, best under ptessure. “ Tube ” methods, 
compared to “still” methods, are more productive, less dangerous, less expensive for fuel, easier 
to operate, and produce a more uniform product. They are more troublesome as regards deposition 
of carbon in the tubes, although Hall (see below) appears to have surmounted this difficulty. 
Another defect^ which develops is the brittleness set up by the case-hardening effect of the 
continuous heating of the metal in contact with the carbon deposits. Replacements and repairs 
are thus rendered difficult. 

The “catalytic” processes apparently have not come into great vogue, but a vast amount 
of experimenting on their use has taken place in the past, and is still proceeding. 

We will discuss each of the processes in turn :— 

i. “ Still ” Process .-—In the ordinary process of cracking, with a view of 
obtaining an increased yield of low boiling hydrocarbons from heavier oils, the oil 
is placed in a large iron still, and is heated strongly. The distillates from the oil, 
instead of being led off, are allowed to fall back into the hot residue in the stills, 
and are there subjected to a high temperature, causing partial molecular decomposi¬ 
tion into lower boiling constituents (see p. 5). The oil is then distilled, and 
the volatile oils generated are separated by fractional distillation from the less 
volatile oils. 

This process has been used since 1861. It was discovered owing to the carelessness of a still- 
man, who built a strong fire under his still and left it running, intending to return in about an 
hour. He returned, however, four hours later, and found the still running a light-coloured 
distillate of lower specific gravity than that which was passing when he left. 

In this ordinary process the distillation and heating proceeds under ordinary 
atmospheric pressure, the cracking effect depending upon the temperature alone. 

It was soon found, however, that when the pressure was increased the yield of 
light low-boiling products was greatly increased by carrying out the heating of the 
oil and also the condensation of the distillates under pressure. 

Consequently in all modern developments of the cracking process both condensation and 
distillation are carried out under pressure of the gaseous products of decomposition. This causes 
an increased portion of unsaturated gases to unite to form condensed and saturated hydrocarbons, 
and decreases the amount of gas evolved. The increase in the yield of light low-boiling hydro¬ 
carbons is very great (often 33 per cent.), and the proportion of unsaturated hydrocarbons 
correspondingly decreased, so that both the quantity and quality of the spirit is thereby improved. 


The Burton Process, worked by the Standard Oil Co., is one of the best 
known processes of this type. In this petroleum residues are distilled for 
production of low-boiling hydrocarbons at a temperature of 700° F. to 8oo° F. 
V 37 °° C. to 420° C.), and under a pressure of about 80 lbs. on the square inch, the 
whole plant being maintained at this pressure by means of valves placed at the 
outlet of the condenser. Fig. 4 a shows the plant. The general arrangement seems 
the same as the Dewar-Redwood process described below. 

In order to increase the decomposition of the oil, catalytic plates are suspended 
in the boiler. These plates may be made of metal, such as steel or some other 
suitable material, such as gauze, asbestos fibre, glass, etc. These plates are 
immersed in the liquid. Catalytic plates suspended above the liquid level seem 
equally effective for the purpose. 

This process was patented by Burton, one of the directors of the Standard Oil Co. of Indiana 
and its use has been successfully developed on a large scale in all the Standard Oil Companies of 
the United States. It is covered by a number of patents, e.g., English Patents, 29,862, 1012 • 
6 , 593 , 1914; 21,275, I 9 H; 7 , 54 i, 1915; 1,226, 1915. v ’ 

rhe practical disadvantages attending the manipulation of a plant of this type arc great 
although not insuperable, as is proved by its commercial success in the U. S. The main disadvantage 
18 • t * xat * n or< * er t0 maintain the maximum degree of cracking, a high temperature (c.g *, 
37 ° C. to 426° G) combined with a high pressure {e.g., 80 lbs. per sq. in.) is essential. Now 
the bottom of the still soon becomes covered with a thick layer of deposited carbon, and this renders 
the bottom of it liable to overheating and rupture under the high interior pressure. The result of 
such a rupture, with the spread of boiling oil and gas and the danger of fire, must be difficult to 
control. Hence it is that practical difficulties have limited the Burton process to a size of still 
homing about 8,000 gals., small enough to enable the results of a boiler failure to be kept within 
manageable limits. 
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These difficulties seem inseparable from the distillation of large volumes of hydrocarbons under 
high pressures, and has led to a great development of “ tube ” processes which are described below. 

The idea of converting the heavier hydrocarbons into lighter hydrocarbons by 



Fie. 4^.—The Burton Process. 


distillation under pressure is an old one, and it is difficult to see on what grounds 
the patent was granted for the Burton process. 

For example, James Young, jun., in 1865 (see English Patent 3,315, 1865), 



Fig. 4 b .—The Dewar-Redwood Process. 


patented a method of distilling heavy shale oil under pressure, the particular object 
in view being to increase the burning oil yields. 

The plant consisted of a pot still and condenser of the ordinary type, the former being fitted 
with a stfety valve and also a valve at the vapour outlet, whereby the vapours issuing from the still 
could be throttled so as to maintain any desired pressure of the still. The vapours in this fashion 
escape freely to the condenser, and are there condensed. 
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Again, in 1889, Dewar and Redwood (see English Patents, 10,277, 1889; 
13,016, 1890; 5,97 r, 1891) patented an arrangement similar to Young’s, but the 
valve was placed at the condenser exit instead of the still exit, so that both 
distillation and condensation were effected under pressure, while free communication 
existed between the still and the condenser. (See Fig. 4A) It is suggested in this 
patent that the air of the still should be replaced by carbon dioxide or other inert 
gas in order to avoid danger of fire or explosion. 

This process gave good results while it lasted. It was designed to increase the yield of kerosene 
rom Russian oil, but the employment of oil fuel on the large scale caused the raw material to 
become as valuable as the kerosene which was produced from it, and so the process was abandoned, 
since the demand for motor fuel to replace petrol had not yet arisen. 

2. Tube Processes. —The two best known processes of this type are Hairs 
and Rittman’s, which we will describe in detail. 

Hall’s Process (see Hall yjourn. I nst ' Petrol Tech ., 1915, i. 147-166. See also 
English Patents, 1913, 17,121 and 24,491; 1914, 2,948, 7,282, 12,962; 1915, 
1,594 and 16,069).—In this process the oil is vaporised and passed through a 
system of continuous coils, each about 600 ft., and made of cold-drawn tubing of 
1 in. internal diameter. Here the oil is subjected to temperatures and pressures 
which vary according to the nature of the oil and the product desired. The oil 
is fed in under a pressure of 50-75 lbs. per square inch at a rate of over 70 gals, 
per hour, the oil passing in at the cooler end of the retort and is gradually heated 
and vaporised, and the vapours rushing through the tube attain the rate of 5,000- 
6,000 ft. per second in the last portions of the coil where the temperature is 
highest. 

The exceedingly great velocity keeps the tubes clean and free from danger of becoming choked 
by deposited carbon. A nest of tubes can run for 250-300 hours without cleaning, and then 
only a few of the tubes require to be replaced by clean ones, and the nest can be restarted 
immediately. Any carbon formed is blown by the rapidly moving vapours into the expansion 
Lubes and dcphleginators, where it can be easily removed. 

The vapours rushing out at the end of the tube suddenly expand into a wider 
vertical tube, 12 in. or more in diameter, and about 12 ft. high, filled with pieces 
of thin iron pipe about r in. long and f in. in diameter. The vapour impinges 
directly on a baffle at the lower end of this tube, and the sudden reduction of 
velocity and pressure (which falls to nearly atmospheric pressure at this point) 
causes about 99 per cent, of the free carbon to be deposited on the pieces of the 
pipe. The temperature of the vapour also increases here by about 30° C., the 
vertical tube thus acting as a secondary cracker. 

The rise of temperature on expansion is due partly to the transformation of the kinetic energy of 
the high velocity of the gases into heat, and partly to the disruption of the molecules of the oil. 
We discuss elsewhere the effect of diminished pressure on the splitting up of hydrocarbon mole¬ 
cules. It is in the vertical tube that most of the cracking takes place. 

The vapours are now sucked at atmospheric pressure through a series of 
dephlegmators in which fractions of the required boiling point are separated. 
Here also part of the condenser vapours are caused to combine with the gases 
which would be otherwise permanent, the light fractions of the product being 
thereby increased by 33 per cent. 

In the first dephlegmator a little soft spongy carbon and pitch separate out; in 
the second a heavy residue free from pitch; and in the third a very light mobile 
residue. 

The vapours, now cooled to about ioo° C. and at about atmospheric pressure, 
are drawn into a single acting mechanical compressor working at 70-100 lbs. per 
square inch. Here they are cooled and stored under a pressure of 50 lbs. per 
square inch. 

Curiously enoujgh, the temperature of the gases falls when thus compressed, no doubt due to the 
rapid polymerisation of some of the lighter hydrocarbons since it is well known that some of the 
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unsaturated hydrocarbons produced in cracking oil polymerise readily at ordinary temperatures 
and pressures. According to Hall, owing to the combination effected in the compressor between 
the condensible vapours and fixed gases the spirit obtained is free from objectionable resinous oils. 

The tubular system is periodically removed from the furnace, and blown through with com¬ 
pressed air to remove any carbon deposited. The short pieces ol iron pipe in the vertical pipe are 
also periodically removed and heated in a special furnace to free them from carbon, etc. 

Control of Temperature .—It is extremely important to maintain the tubular 
system at the exact temperature found necessary for the special oil under treat¬ 
ment, the reason being that at the high temperatures employed the thermal 
coefficients of the velocities of the various chemical reactions are very great, so 
that a slight alteration in temperature may give rise to enormous differences in the 
products evolved. No cracking process can be successful unless steady tempera¬ 
ture conditions are maintained. 

Complete control of the temperature up to 5* C. is maintained in Hall’s plant, and once the 
optimum temperature of cracking of any particular oil has been determined, this temperature is 
rigorously adhered to. 

The rate of feed of oil to the tubes is also very carefully regulated by meters, being checked to 
5 per cent, of the feed per hour. 

Hall’s process has been worked (1) for motor spirit; (2) for benzene and toluene. 

1. In Working for Motor Spirit the temperature of the exit of the tube is 
kept at 5oo°-6oo° C., the exact temperature depending on the nature of the oil. 
The oils coming from the second and third dephlegmators are usually sent through 
the still again when motor spirit is the product desired. By this means yields of 
70 per cent, of motor spirit have been obtained from the original oil. 

2. In Working for Aromatic Compounds , like benzene and toluene, higher 
temperatures are used than for motor spirit. The exit tubes are usually kept at 
750° C., and the pressure 105-110 lbs. per square inch. A large amount of 
permanent gas of high calorific value (1,350 B.T.U.) is produced, and a good yield 
of spirit containing 18.5 per cent, benzene, 17.5 per cent, toluene, and 6 per cent, 
xylene. These products are easily refined, and then only contain 1-2 per cent, 
paraffin. The toluene produced is as easily nitrated as coal tar toluene. 

A Hall plant capable of handling 10,000 American gals, oil per day costs ^12,000. 

In 1916 a Hair* installation, consisting of eight converters, with the necessary train of 
dephlegmators, compressors, condensers, and tanks, was worked daily for eleven months with 
complete success, but failed to produce toluene so cheaply as other methods, and its use for this 
purpose appears to have been abandoned. 

It is doubtful whether this process could compete with other methods of obtaining benzene and 
toluene from coal tar, and also from certain kinds of petroleum, merely by distilling the latter and 
collecting those fractions likely to contain the benzene and toluene which occurs naturally in many 
petroleums. These fractions are then washed first with 90 per cent, sulphuric acid in order to 
remove the olefines, next with fuming sulphuric acid, which takes out the benzene and toluene in 
the form of benzene and toluene sulphonic acid. This mixture is then nitrated in the ordinary 
way, and explosive nitrobodies obtained and separated. 


The Rittman Process.— (See English Patents, 1915, 9,162 and 9,165; also 
Joum. Soc. Chem. Ind., 1914, 6, 261; Journ. Ind. Eng. Chem., 1914, 6, 383, and 
472, 1915; Metall. Chem. Eng. , Vol. 13, p. 882; Journ. Ind. Eng. Chem., 1915, 
Vol. 7, pp. 945, 1019; 1916, Vol. 8, p. 20.) 

The Rittman process for the manufacture of gasoline and benzene-toluene from petroleum 
and other hydrocarbons was worked out under the direction of the United States Bureau of Mines, 
the process arising out of the abnormal prices prevailing in the United States in 1915 for toluene. 

The plant, as described in the patent in its simplest form, consists of 10-15 ft. 
length of 10 in. diameter metal pipe set vertically in a furnace, so arranged that the 
temperature of the pipe gradually increases from the top to the bottom. Heavy 
oil is continually injected under pressure into the upper part of the tube, and 
instantly vaporises at the temperature existing there, and the resulting vapour 
passing down the tube through the region of higher temperature is “cracked,” and 
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finally the “ cracked ” products pass, still under pressure, through the condenser 
from which the liquid and gaseous products are distributed to the tank and gas 
holder respectively. The temperature and pressure recommended as giving the 
best results are 9oo°-i,3oo° F. (48o°-705° C.), and up to and over 300 lbs. per 
square inch. In the commercial plant for the manufacture of benzene-toluene 
the temperature employed was 700° C. and the pressure 150 lbs. per square 
inch. 

The commercial plant consisted of six furnaces, each heated with twenty-two gas burners, and 
containing two rows of five vertical cracking tubes ft. long and 8 in. in diameter. To each 
tube a separate condenser and separate oil supply was fitted. The carbon which separated on the 
walls of the hot cracking tubes was removed by wiping chains attached spirally to a rotating rod 
passing up the centre of each tube. The carbon thus removed was collected in a special carbon 
pot at the bottom of the tube, and was 
removed by means of scrapers. Every few 
days the cleaning device was removed and 
cleaned. 

When gasoline is to be made, 
the oil is fed into each tube at the rate 
of 30 gals, per hour. When benzene- 
toluene is to be made, however, the 
feed is reduced to 15 gals, per hour. 

Curiously enough, the reactions 
were found to be nearly independent 
of the kind of oil used, but solvent 
naphthas and the light oil distillates 
from coal and water gas tars gave a 
better yield of benzene-toluene than 
was obtainable from petroleum, and 
were also easier to manipulate. 

Rittman claims that when petroleum is 
used, and when working for gasoline, a yield 
of 25-30 per cent, gasoline is obtained, 
together with 70-75 per cent, oil above 
150° C., which is available for re-running 
through the plant. When working for benzene * 
toluene the following are obtained:— 

6-8 per cent, benzene, 6-8 per cent, 
toluene, 4-6 per cent, xylene. 

6-8 per cent, gasoline, 25-30 per cent, 
creosote oil and pitch (inclusive of higher 
aromatic hydrocarbons and lubricating 
oil), 3-5 per cent, carbon, 45-60 per cent, 
gas. 

The gas evolved is of high calorific value (1,000-1,400 B.T.U.) per cubic 
foot, and when the plant is worked for benzene-toluene it is more than sufficient to 
use as fuel for heating the furnace. When the plant is worked for gasoline, however, 
there is not quite sufficient gas for this purpose. 

The cost of the installation based on a unit of four tubes is stated to be ,£1,146 per tube, which 
includes building and equipment, but not the storage tanks or apparatus for dealing with the 
products. A plant capable of dealing with 18,000 American gals, of oil per day worked for 
benzene-toluene is stated to cost .£68,000, and consists of sixty tubes. 

Rittman’s apparatus has been subjected to much criticism; the cracking tubes 
have been stated to be unwieldy, and the vapours passing through such wide tubes 
cannot be evenly heated because oil vapours are bad conductors of heat. The 
design of the furnace, it has been stated, makes the attainment of an equable 
temperature difficult. The operation of removing and cleaning the cleaning rods 
whilst hot must be difficult, and renders the process intermittent, while intermittent 
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Fig. 4 r .—Rittman Cracking Process. 
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heating and cooling of the pipes and brickwork must act injuriously on them. 
Apparently the process has been abandoned. 

Thus, A. Bender, chief chemist of the Carnegie Plant, Aetna Chemical Co., in the C/ 7 , Point , 
and Drug Reporter for May 1917, states that the Aetna Explosives Co. invested over ,£100,000 in 
the process up to the time of shutting down the plant in 1916. During the last six months of 
operation 8,500 gals, of oil per day were passed through the furnace. The clucked oil contained 
on the average only 3 per cent, of benzene and 2J per cent, of toluene on the oil used. Only 
about half these quantities were separated in a state pure enough tor profitable use. The heavy 
oil from the furnaces contained much carbon, which was settled and distilled up to 175 0 O. The 
distillate was freed from a considerable amount of sulphur dioxide and then fractionated into 
different fractions. The crude benzene and toluene fractions contained a large amount of 
unsaturated hydrocatbons, which were removed by washing with sulphuric acid, then with caustic 
soda, and then rectifying. 

The presence of paraffin hydrocarbons boiling at near the same temperatures as benzene and 
toluene rendered the production of more than 89-93 P er cent. benzene or toluene almost 
impossible. The toluene is stated to have been so contaminated with paraffin as to he almost 
useless for the manufacture of trinitro-toluene. The benzene, however, was used for making 
synthetic phenol, for denaturing alcohol, and for blending into high grade benzols. 

Bender stated that the cost of production of benzene and toluene by cracking processes is 
prohibitive except in abnormal war times. 

3. Catalytic Cracking Processes. —Cracking processes depending upon the 
use of a catalyst have been very numerous, but it is doubtful whether anyone has 
been an unqualified commercial success. The main difficulty is the fact that most 
of the catalysts are soon poisoned by sulphur, etc., in the oils, and lose their 
efficiency. Also the cost of regenerating the catalyst and the difficulty of keeping 
it in intimate contact with the oil have so far hindered progress. There is, however, 
in this direction, a rich field for experiment which may ultimately lead to the 
invention of processes which will supersede the older processes previously 
described, which are very wasteful. 


Valpy Lucas Process (see English Patents, 20,470, 1913; 2,838, 19T4).— 
In this a mixture of oil and steam is brought into contact with a heated catalyst 
such as nickel or other metal or metallic oxide. The catalyst can be made by 
heating a metallic oxide or mixture of oxides with organic compounds of the metal. 
The use of permanent gas partly saturated with ammonia is also suggested. The 
oil to be cracked is distilled in a separate still, and the vapours are run through a 
cracking tube packed with the catalyst and heated to 550° C. to 6oo° C. The 
cracking vapours are then passed through fractionating, condensing, and stripping 
plant. Part of the uncondensed gas is then driven under slight pressure through an 
ammonia saturator, and then back to the still, where it is sprayed over the surface 
of the oil. This acts mechanically in carrying the oil vapour away as fast as it is 
generated in the cracking tube. Also it somewhat reduces the temperature of 
distillation of the oil. Probably a portion of the ammonia is dissociated, forming 
nascent hydrogen, which then, under influence of the catalyst, hydrogenises some of 
the unsaturated hydrocarbons formed, and also tends to inhibit the separation o* 
carbon. 

The ammonia also aids in the production of a sulphur free oil, even from 
Mexican oils containing 6-7 per cent, of sulphur. Fig. shows a Lucas plant. 

A Lucas plant has been in operation at Dagenham for two years, and, according to Lomax, 
Dunstan, ana Thole, the refined spirit was water white, and completely free from the usual 
deleterious polymerisation products. They estimate that a cracking plant of this type, capable of 
producing 2,000,000 gals, of spirit per year, would cost ^50,000. 

A large number of patents on similar lines have been taken out; all sorts of 
substances have been proposed as catalysts, such as reduced nickel, iron, aluminium 
chloride, kaolin, pumice stone, porcelain, etc. Also the passage of the vapour 
over electrically-heated wires of various sorts has been patented by various 
inventors. The idea of hydrogenising the unsaturated hydrocarbons by the 
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Fig 4 d —Lucas Oil Cracking Plant. 
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generation of nascent hydrogen, or by the action of a hydrogen-evolving material, 
appears to have been extremely attractive to technologists. 

A full account of these and other similar patents will be found in Dunstan, 
Thole, and Lomax’s paper mentioned above. 


CASINGHEAD GASOLINE 

Production of Casinghead Gasoline.— Casinghead gas is the name given 
to the hydrocarbon gases which escape from petroleum wells. At one time it was 
burnt as the easiest method of disposing of it. At the present time the lighter 
hydrocarbons are extracted from it by washing it with petroleum oils. 


In the Compression Process the gas from several wells is piped to a convenient 
centre, and is then passed through a single or double stage compressor, which 
forces the gas under a pressure of 50-300 lbs. per square inch (the exact 
pressure depending upon the exact nature of the gas), through a series of water- 
cooled metal condenser pipes, whereby the liquid hydrocarbons in the gas separate 
out, and are collected in tanks under pressure. The uncondensible gases are piped 
away, and burnt under boilers, or used for internal combustion efigines. 

A unit compressor installation costs about £3, 000, and handles 500,000 cub. ft. of gas per 
day. In order to pay, the gases treated must yield more than ij gals, of gasoline per 1,000 
cubic feet. 

In the Absorption Process the gas is pumped, under pressure, through a series 
of perforated pipes immersed in heavy oil contained in tanks. The heavy 
oil dissolves out, and retains from the gas its heavier constituents, while the 
unabsorbed permanent gases pass away as before to the place of consumption. 

The heavy oil is then steam distilled, and the casinghead gasoline recovered 
and stored in tanks under pressure. 

The condensed liquid consists principally of petane, hexane, liquefied butane, a 
little heptane, and liquefied propane. 

In 1913, 30,000,000 gals, of casinghead petroleum were recovered in the United States. In 
1916 this increased to 80,000,000 gals. 

A rich gas may yield 8 gals, of casinghead petroleum per 1,000 cub. ft., while a poor gas will 
yield only half a gallon. An average yield is 2J gals, per 1,000 cub. ft. The storage and 
transport of gasoline petroleum is effected by mixing it with a certain amount of heavy naphtha, 
whereby its excessive volatility, and the high pressures, amounting to 50 lbs. in hot weather, is 
overcome. 

Properties of Casinghead Petroleum. —The specific gravity is sometimes 
as low as 0.630 (if taken from a second stage compressure it may fall to 0.609), hut 
the average is 0.645-0.648. The gasoline is then usually mixed in equal volumes 
with naphtha of specific gravity 0.753-0.761, which gives a blended gasoline or 
motor spirit of 0.700-0.705. 

Properties of Ordinary Motor Spirit— Motor spirit formerly had a 
specific gravity of 0.680, and a distillation range of 95* F. to *70* F. (35° C. to 
132* C.) It consisted mainly of petane, hexane, and heptane, with a little butane, 
octane, and decane. It volatilised readily, even in the most primitive carburetters. 

At the present time the motor spirit on the market is usually heavier than 
this, since the improved design of modem carburetters permits the use of less 
volatile spirit 
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The best grades of motor spirit now have an average specific gravity of 0,725, 
and all the members of the paraffin series, from butane up to hexadecane, are now 
present. 

The following figures are given by Annan [Journ. Soc. Chem. Ind ., 1917, Vol. 36, p. 246) as the 
results of distilling various kinds of motor spirit, No. 1 being motor spirit from the year 1900; 
Nos. 2 to 6, motor spirit produced by the simple distillation of petroleum; No. 7, a spirit made by 
cracking a heavy oil; Nos. 8 to 12, spirit produced by fractionating Scotch shale oil. 


Motor Spirit 


Source. 

Specific Gravity 
at 6o # C. 

Range of 
Distillation. 

Motor spirit of year 1900 

0.679 

97 °- 26 o° F. 


O.728 

I34°-36i" F. 


O.744 

i 56 °- 347 ° F. 

Motor spirit from petroleum - 

0.767 

i 52 °- 376 ° F. 


O.722 

J 3 2 °- 33 6 “ F. 


O.74I 

142 °- 3 S 8 ° F. 

Motor spirit made from crack- \ 
ing heavy oil - - - J 

O.716 

i 3 6 °- 320 ° F. 


O.722 

I22--3I6- F. 

Motor spirit from fractionated 

O.726 

i 4 6 °- 336 - F. 

Scotch shale oil 

O.703 

97 °' 2 75 ° F. 


0.731 

l 42 °- 338 ° K. 


i °-730 

l 23 °- 378 ° F. 


Properties and Composition of Cracked Oils.— Cracked oils contain 
paraffins, cyclo-paraffins, olefines, di-olefines, and aromatic hydrocarbons. The 
crude spirit is foul smelling, has a yellow colour which intensifies with standing, 
and when used in a petrol engine gives poor results and much carbon is deposited. 

Hence, before the product is marketable, it must be subjected to a thorough 
refining process in order to remove the highly unsaturated hydrocarbons which 
give the oil these objectionable characteristics. Refining losses and costs are high. 

The large amount of olefines and di-olefines present render difficult the refining 
of the spirit by sulphuric acid, since these unite with their own weight of sulphuric 
acid, with the evolution of much heat and discoloration of the liquid. 

The di-olefines yield on storage a viscous yellow liquid which is only slightly soluble in the 
light spirit, and separates as a heavy oil. On heating, this oil decomposes with almost explosive 
violence, forming a hard resinous substance. The supernatant spirit may also explode when heated, 
owing to the decomposition of the oil. 


Analysis Of Cracked Oils.— According to Dunstan and Thole, oil is placed 
in a stoppered burette and shaken with excess of cold concentrated sulphuric acid, 
which dissolves olefine and di-olefines. The violence of the action may be 
moderated by a preliminary shaking with 80 per cent. acid. The residue is 
measured, and the diminution in volume gives the amount of olefines present. 

The residue is next shaken with cold, slightly fuming sulphuric acid until 
absorption ceases; the absorption here indicates the amount of aromatic hydro¬ 
carbons. 

The residual spirit consists of paraffins and cyclo-paraffins. 
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The following analyses by Dunstan and Thole are typical:— 

1. Cracked spirit (B.P. 8 o*-I 30° C.) intended as source of benzol and toluol— 


Olefines and di-olefincs - - - . - - - • 17 

Aromatic hydrocarbons 83 

100 

2. Cracked spirit for motor fuel, R P. 85°-87° C.— 

Olefines and di-olefmcs - 46.5 

Aromatic hydrocarbons - - - - . - - - 29.5 

Paraffins and cyclo-paraffins. 24.O 


IOO 

3. Cracked spirit for motor fuel — 

Olefines and di-olelines - - - 18 

Aromatic hydrocarbons - .-.--.-7 

Paraffins and cy do-paraffins ------- 75 

100 

Acknowledgment. — lhe \\ liters best thanks ate duo to Mr A. G. Perry 
for information on this subject ; also to Messrs Dunstan & d hole. 
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II.—MINERAL WAXES, INCLUDING ASPHALT 
AND BITUMEN 

By G. Martin, Ph.I)., l).Sc. 

LITERATURE 

Gregorius. —“ Mineral Waxes/' London, ipS. 

Peckimm. — “Solid Bitumens." New Voik, igoq. 

Boorman. —“Asphalts.” New York, 1908. 

Lindknbkkc;.—“D ie Asphalt Industrie.” Vienna, 1906. 

Also the gcnei.d works mentioned undei “ Mineial Oils,** especially Ik Redwood’s 
“ Petroleum and its Products.’ 3 \ols, London, 190O. 

Paraffin wax is obtained from two piincipal sources— 
t. From petroleum. 

2. From bituminous shales. 


Paraffin from Petroleum 

The crude oil is distilled and its more volatile constituents removed, forming 
the benzine and burning oil distillates. The residue is subjected to a further 
distillation in a special vacuum still. This consists of a cast-iron boiler a (Fig. 5), 
provided with an opening lor charging, a safety-valve t, and an outlet tube i>. 





Fig. 5.—Vacuum Oil Still. 
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The distillate passes over into the coil e, which is immersed in a cold water 
tank. Here it is condensed and flows through p into the reservoirs g and G l 
by way of the four-way tap r. A glass window commands a view of the dis¬ 
tillate as it flows from the coil. The apparatus is kept exhausted by a power¬ 
ful air-pump attached to h. The oil can be run away through the tubes f v f i9 f v 
The retort is heated by direct firing. When all the oil has distilled over, a mass of 
fluid pitch remains behind in the retort, and is run away through d into small stills, 
and is there subjected to considerably higher temperatures, being finally converted 
into coke. 

The bulk of the thick, heavy, oily distillate from the “ Residuum,” very rich in 
paraffin, is run while hot into closed “mixers,” 3-5 per cent, of concentrated 
sulphuric acid is added, and the fluid is churned up and thoroughly mixed by a 
powerful air blast driven through it. A vigorous action takes place whereby the 
bases, sulphur compounds, and unsaturated hydrocarbons are either dissolved out 
by the acid or converted into resinous matter, much sulphur dioxide is evolved. 

The sulphuric acid “ tar ” at the bottom is run off, the oil freed from excess of 
acid by washing with caustic soda solution and water, and the slimy mass is run into 
long, narrow, iron cylinders, and cooled to 15 0 C. by water. A mass of dark 
coloured paraffin wax crystallises out, and is separated from the excess of oil by 
forcing the whole under very high pressure through a filter press, which retains the 
paraffin on the canvas sheets stretched through it, but allows the oil to flow away. 
The paraffin cakes thus obtained are compressed under 100-200 atmospheres in 
hydraulic presses, and a further quantity of oil squeezed out. This crude scale, 
still containing, say, 2-5 per cent, of oil, was formerly refined by repeatedly mixing 
with benzene, crystallising, and pressing the cake hydraulically. But this and other 
processes have been superseded by the simple and cheap “sweating process” 
discovered by Mr J. Hodges of Price’s Patent Candle Co. (English Patent, No. 3,241, 
1871). In modern practice this consists of allowing the crude scale to crystallise 
slowly on a thin layer of water in shallow iron pans which are placed in tiers in a 
brickwork “oven” provided with steam coils. When sufficiently solid the water 
is run off and heat gradually applied. The oil and softer paraffins drain away, 
leaving the harder paraffin much improved in colour. If desired, it may be again 
sweated to produce a harder paraffin, while the softer paraffins are recovered from 
the oily drainings by subjecting them to the same process. In all cases the some¬ 
what yellow sweated cake remaining in the tray is melted out and agitated with 
successive quantities of some decolourising agent. This may be the “animal 
charcoal” recovered from the “melt” in prussiate of potash making, or Fuller’s 
earth, or similar powders, from which the refined paraffin is clarified by pumping 
through filter presses. 

The crude scale obtained from filtering the oil at 15° C. may yield paraffin wax 
ranging from 65° to, say, 52° M.P. The oil from which this harder paraffin has been 
separated is cooled to - 5 0 C., and a further deposit of softer scale separates. This, 
after purifying as above described, melts at 3o°-45° C., and forms paraffin of the 
second quality. 

It may be noted that the higher the melting point of the paraffin the greater 
its commercial value. Consequently the temperatures of working are so regulated 
as to obtain as great a yield as possible of high-melting paraffin. 


Paraffin from Oil Shales and Bituminous Coal. 

The Scottish oil shales yield, when distilled, large quantities of an oil very 
rich in paraffin. A considerable quantity of paraffin wax is also obtained from 
brown-coal tar, which is extensively worked in Germany. The general method of 
separation and purification is similar to that outlined above. 

Paraffin is a mixture of solid hydrocarbons of the Paraffin Series. It forms a 
hard white translucent mass extremely inert chemically. Exposed to a slight 
pressure at a temperature below its melting point it becomes transparent, but 
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reverts to its usual translucent state on cooling or on being struck. The substance 
is odourless, tasteless, insoluble in Water, slightly soluble in alcohol, easily soluble 
in ether, benzine, and carbon disulphide. According to its source its specific 
gravity varies from 0.86-0.91 at 15° C. and 0.74-0.76 at ioo° C. When pure it can 
be distilled almost without decomposition. The best varieties melt between 56° C. 
and 65° C. Inferior varieties melt so low as 30° C., being at the same time soft, 
though still retaining their crystalline structure. Hard paraffin is used chiefly for 
making candles. It burns without smell and yields more light than the oxygen-rich 
stearin and beeswax. It has the defect of softening at a temperature below its 
melting point, and consequently must be hardened by mixing with stearic acid 
(5 per cent, and more). The softer sorts of paraffin are used for making wax 
matches, tapers, etc. etc. 

Ozokerite, Ceresine, Earthwax. —Ozokerite or earthwax is the solid residue 
left behind when petroleum evaporates. It occurs in very large quantities, mixed 
with earth, in most oil-bearing districts. The most productive sources are in 
Galicia, where over 8,000 tons are mined yearly. Large quantities are found in the 
Caucasus and in North America. Immense unworked deposits exist on the island 
of Cheleken in the Caspian Sea. 

The raw wax, mixed with earthy impurities, is melted in large iron boilers by means of hot 
water. The wax is drained away from the earthy residue and is known as “melted wax.” The 
earthy residue left behind in the boiler is extracted with benzine and the wax thus obtained is called 
“ extracted wax.” 

The crude wax thus prepared (melting between 6o°-70° C.) is now heated to I40°-I50* C. with 
20-25 per cent, of fuming sulphuric acid in cast-iron boilers provided with mechanical stirrers. 
A vigorous action sets in and the wax separates into two layers, one practically pure ceresine and 
the other a black resinous mass containing most of the impurities. The heating is continued until 
all the sulphuric acid has been expelled as sulphur dioxide and the resinous layer completely 
decomposed into a charred mass. Next animal charcoal, bone black, fuller’s earth, or other 
decolourising agent is stirred in, the melted wax filtered through hot steam-jacketed filter presses, 
and obtained as a yellowish mass. It is rendered perfectly white by repeating the treatment with 
sulphuric acid (using, however, less than before) ana animal charcoal. The wax remaining in the 
decolourising powder is extracted with benzine. 

The substance thus prepared is known as “ Ccreshie.” It resembles beeswax 
in appearance, being much less crystalline than paraffin. It melts between 60* and 
70° G, and is sometimes used in conjunction with paraffin wax in candles. It can 
seldom be recommended, as most grades gutter and smoke freely. Sp. gr. 0.91- 

0.9* (15-5" C). 

Besides candlemaking, ceresine is used for preparing insulating compounds in electrical work, 
for making furniture ana shoe polishes, for adulterating beeswax, and for making artificial vaseline 
(by mixing with oil). Its chemical constitution differs from that of paraffin, since it, apparently, 
consists of a mixture of olefines having the formula CjJI^. 

Adulteration of Ceresine. —Owing to its high price ceresine is often adulterated with paraffin 
wax, bleached resin, and (in order to raise its melting point) small quantities of carnattba wax. 

(1) Rosin may be detected by boiling the wax with alcohol and titrating the alcoholic solution 
with standard KOH. 56.1 parts of KOII neutralise 346 parts of rosinic adds. Ceresine is a 
neutral body, but feebly soluble in alcohol, while rosin contains much acid matter, easily solvable 
in alcohol. 

(2) Paraffin in ceresine may be detected by boiling with absolute alcohol, cooling, filtering 
a few drops of the alcohol on to an object glass, and examining under the microscope. If a 
crystalline residue separates paraffin is present, since ceresine is not crystalline, and is only very 
feebly soluble in alcohol. 

To detect small quantities of ceresine in paraffin (put in to raise its melting point) dissolve 1 g. 
of sample in 10 c.c. carbon disulphide at 20° C. A clear solution shows that less than 10 per cent, 
ceresine 19 present. Now run 1 c.c. of the solution into a test tube containing 5 c.c. ether and 5 c.c. 
absolute alcohol (96 per cent.). Shake. Ceresine is present if white flocks separate. This test 
breaks down if the paraffin wax melts above 54 0 C. (Graefe, Chem, Zeit ., 1903, 248). 

( 3 ) Camaiiba wax is detected by saponifying with alcoholic caustic soda, and boiling the 
unsaponifiable residue with twice its weight of acetic anhydride under reflux condenser. Separate 
lower layer of acetic anhydride (which contains the waxy alcohols from the camatlba wax) from the 
hydrocarbons floating on the surface, running the lower layer from a separating funnel into boiling 
water. Wash precipitate of the alcoholic acetates from the wax, dry at too 0 C. and weigh. 



IND US TRIA L CHE MIS TR Y 


18 

Determine the saponification value (p. 62) of the mixed acetates, and isolate the alcohols by 
acidifying, filtering off the precipitated alcohols, and crystallising them from alcohol. Then take 
their melting points. 

The mixed alcohols from carnaiiba wax melt at 85° C. and their acetates have a saponification 
value of 123. 

Asphalt or Mineral Pitch is probably the residue from the evaporation of 
petroleum as it exudes from the earth, changed by long contact with the atmosphere. 

Trinidad and Bermudas asphalt have the approximate composition: 0-82.3 
82.8 per cent.; H=io. 7 per cent.; S~6 per cent.; N = 0.75-0.81 per cent. 

In some parts of the Caucasus are hills of asphalt over 100 ft. in height, through which the 
black heavy oil still slowly exudes. Patt of the island of Cheleken in the Caspian Sea is simply a 
vast mass of asphalt, the accumulated residue of thousands of tons of petroleum which have escaped 
in past times from the ground and evaporated in situ. But the most wonderful deposits in the 
world occur in Trinidad, where a regular lake of pitch, 127 acres in extent and of unknown depth, 
exists, and is mined for asphalt. Over 1,500,000 tons of pitch have already been removed from 
this lake, and 100,000 to 150,000 tons are yearly exported from Trinidad. Extensive deposits of 
a somewhat harder variety are also worked in the neighbourhood of the lake (La Brea). 

Large deposits of asphalt occur in Cuba, Venezuela, Bermudas, California, Utah, Texas, Canada, 
and parts of Europe. 

Asphalt is much used for paving streets, making black varnishes, for electrical 
insulators, as a protective paint for the interior of chlorine stills and acid tanks, 
and for waterproofing. A product very similar to natural asphalt may be produced 
by blowing air through the hot residues left in petroleum stills. 

Montan Wax is a white substance prepared from bitumen extracted from lignite by means of 
volatile solvents. It melts at 8o°-86° C. and is used as a carnaiiba wax substitute in the manufacture 
of polishes, and as an insulating material in place of ceresine. When distilled with superheated steam, 
it yields white “ Montanic Acid,’* M.P. 7o°-8o°—a mixture of fatty acids and hydrocarbons. The 
still residues—montan pitch—are used as insulators and for gramophone cylinders. The proposal to 
use montan wax as candle material and even as candle stiffeners has not been very successful. (Sec 
English Patent, 5,999, 1900; German Patents, 101,373, 116,453, 202,909; Zeit.filr AngewamL 
Chew. , 1901, No. 44, p. mo.) 

Statistics. —In 1910 England exported 290,000 cwt. of paraffin wax {value, ,£288,000) and 
imported 1,064,000 cwt. {value, £1,017,000). In the same year 69,000 tons of asphalt or bitumen 
{value £169,700) were imported. The Scottish shale oils yielded in 1909 about 500,000 cwt. of 
paraffin wax. 

The figures for the United States for 1910 were :— 

Imports 1910. 

Paraffin and Paraffin Wax - - - 7,082,000 lbs. (value $334,000). 

Asphaltum and Bitumen - - - 146,000 tons (value $712,000). 

Exports 1910. 

Paraffin and Paraffin Wax - - - 196,980,000 lbs. (value $7,886,000). 

Asphaltum and Bitwren - - - 19,600 tons (value $488,000). 

The author’s best thanks are due to Messrs Price & Co. for kindly reading through the article ; 
also to Mr W. H. Stephens, A.R.C.S., for expert advice and assistance. 

For Vegetable Waxes see p. 60. 
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INTRODUCTION 

Fats and fatty oils occur disseminated throughout the tissues of almost all 
animals and seeds in the form of minute globules enclosed within a thin skin, 
forming a reserve food for the organism. Pressure alone will not usually suffice to 
break up the animal fat cells; the tissue must be heated when it shrivels up as it 
loses water, while the increasing temperature causes the fat globules to expand, 
burst the cell, and flow out as a liquid mass. In the case of vegetable seeds 
pressure alone often secures the expulsion of the oil although here, too the 
operation is much facilitated by a gentle heat. 

3 
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The difference between a fatty oil and a fat is merely one of physical condition due to 
temperature; an oil freezes into a fat, and a fat melts to an oil. In a warm climate a substance 
will always appear as an “oil,” whereas the same body will appear to the inhabitants of a colder 
clime as a solid fat. Thus, for example, cocoanut oil is liquid in India but solid in England, 
where it is used by vegetarians in place of butter. As previously explained, “ mineral ” oilv are 
quite different in chemical character to a vegetable or animal oil. 

Chemically considered, fats and fatty oils are bodies produced by the chemicai 
union of glycerol with fatty acids. Glycerol is a trihydric alcohol, of formula 
C 8 H 6 (OH) 3 . It is capable of combining with three molecules of fatty acids to 
form “triglycerides,” thus :— 

.Oil .OR 

QI4.OII + 3.R.OH = C 3 II a .OR + 3ll 2 0 
.OH .OR 

Glycerol. Fatty Acid. Triglyceride Water. 

of Fatty Acid. 

Where R stands for the radicle of the fatty acid. 

Fats and fatty oils are merely mixtures of these triglycerides of the fatty acids. 
The three glycerides which usually predominate in most fats are solid tristearin, 
solid tripalmitin, and liquid triolein—the respective glycerides of stearic, palmitic, 
and oleic acids. Solid fats usually contain much stearin and palmitin, but little 
olein ; liquid fats, on the other hand, consist principally of olein. Other fats and 
oils exist (e.#., linseed and castor oils) which are composed of glycerides of other 
acids than those mentioned above. We append a list of the principal fatty acids 
occurring in natural fats and oils, together with the names and formulae of their 
triglycerides. 


Fatty Acids and their Triglycerides 

Saturated Acids of the Acetic Series. C n H 2n+1 .COOH. 


Acid. 

Formula. 

M.P. 

(■ c.) 

B.P. (°C.) 

Corresponding 

Glyceride. 

Formula. 

Formic - 
Acetic - 
Propionic 
Butyric j 

(normal iso) J 
Valeric \ 

(normal iso) J 
Caproic - 
Aethanthylic - 
Caprylic 
Perlargonic - 
Capric - 
Undecylic 
Laurie - 
Tridecylic 
Myristic 
Pentadecatoic- 
Palmitic 
Margaric 
Stearic - 
Nondecylic - 
Arachidic 
Medulltc 
Behenic- 
Caruatibic 
Hyaenic 

Cerotic - 
Melissic- 

II.COOH 

cii 3 .cooh 

C 2 lI a .COOII 

C 3 H 7 .COOH 

C 4 II 9 .COOII 

C 6 II n .COOH 

c 6 h 13 .cooii 

c 7 h 18 .cooh 

C 8 II i7 .COOH 

c 9 h 19 .cooh 

QoHa.COOH 
Cnll^COOII 
C^II^COOII 
C^H^COOII 
ChH^COO II 
C 15 II 3l .COOH 
C 1(i tl 33 .COOII 

c 17 n 3a .coon 

C i8 H 37 .COOH 

C 19 IJ S9 .COOII 

CjoHu.COOH 

CaH^COOII 

CjbH^COOU 

C^H^COOU 

C^H^COOII 

Cs*n M .cooii 

8.3 

16.5 

-22.0 

( - 7.9 
\ -79.0 

J -58.5 

l -510 
-8.0 
- 10.0 

16.5 

12.5 
31-3 
28.0 
43-6 

40.5 
53.8 
51.0 
62.0 
60.0 
693 

66. 5 
77.0 

83.0 

72.5 

77.5 
78.0 
91.0 

101 

118 

141 

162) 

154 / 

185 l 

174 J 

20 s 

223 

237.5 

i86\ 

200 & 

212 g 

225 g 

236 

248 V g 

257 E 

268 Q 

277 - 

287 < 

298J 

306 (60 mm.) 

Form in- 
Acetin - 
Propionin 

Butyrin - 

Valerin- 

Caproin 

Aethanthylin* 

Caprylin 

Perlargonin - 

Caprin - 

Undecylin 

Laurin - 

Tridecylin 

Myristm 

Pentadecatoin 

Palmitin 

Daturin 

Stearin - 
Nondecylin - 
Arachidin 
Medullin 
Bebenin 

... 

C,H a (O.IICO), 

QiIWO.CI 1 .CO), 

C 3 lI 5 (O.C 2 H 6 CO) 3 

C 3 II 6 (O.C 3 H 7 CO) 3 

C 3 H a (O.C 4 H 9 CO) 3 

C 3 II 5 ( O.C 5 H n CO) 3 

L 3 1 l a ( 0 . C 6 li 13 CO ) 3 
CsHglOAUj^CO), 
C,ll 8 (O.C 8 H 17 CO) 3 
C 3 H 6 (O.C 9 H 19 CO) 3 
C 3 II 8 ( 0 . C 10 H*iCO) 3 
C 3 H 5 ( O. C u H^C O ) 8 
C 3 H 8 (O.C j 2 HjyjCO ) 3 
C 8 H 8 (O.C 18 H»COj 3 
C,H,( 0 . C14H29CO ) 3 
C 3 H 6 (O.C 1B H 31 CO) 3 
C 3 H 5 (O.C 16 H 38 CO) 8 
C ;s II a (O.C l7 H 3a CO) 3 
Qd ^ 18 ^ 87 ^ 0)3 

CallfilO.CjgH^CO^ 

Cyll^O.CaH^CO), 
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Fatty Acids and their Triglycerides —continued 
Unsaiarated Fatty Acids of the Oleic Series. ChH^^COOH. 


Acid. 

Formula. 

\l.l\ 

(°C) 

B. P. (° C.) 

Correspond¬ 
ing Glyceride. 

Formula. 

Acrylic - 
Crotonic 
Iso-crotonic - 
Angelic - 
Tiglic 
Ilypogaeic 

Oleic - 

GJ4C00II 

C^Hg.COOU 

c 3 h b .cooii 

c 4 h 7 .cooii 

c 4 ii 7 .cooh 

C^H^COOII 

Cnllaa.COOII 

71.5 

15-5 

45 

65 

14 { 

140 

180.5 

169 

185 

198 

223 (10 mm.) 
250 (supei- 
heated steam) 

| Olein 

f-'allfitO.CjgllofcCO^ 

c 3 H 5 ( o.c 17 ir 33 co) 3 

Unsaturated Fatty Acids of the Linolic Series . C n H 2n _ 3 COOH. 

Elaeostearic - 
(Elueomargaiic) 

Linolic - 

} cvi^c ocm 
C„II„.COOII { 

43 

below 
- 18 

} 

FJaeostearin 

Linolein 

C 3 II & (O.C 17 II 3 , CO) 3 

Unsaiarated Fatly Adds of the Linolenic Sc/ies. C n II 1)n _r,COOH. 

Linolenic 

CnllarCOOII 

Liquid 

... 

Linolcnein - 

C J II,(O.C 17 ll SB .CO) I J 

Unsaturated Fatty Acids of the Recinoleic Series. 

Recinoleic 

C 17 II ;{ o(OII).COOIl 

4 


Recinolein * 

C 3 I I B (O.C l7 11^(0 II ).CO) 3 


It may be noticed that monoglycerides and d’ghcciides, corresponding to the formula! 
.OR .OR 

CjjlIjj.OII and CjlL.OR, exist in rancid or partially h>diohsed fats, while mixed glycerides of the 
.Oil .Oil 


.OR! 

formula G,H 5 .OR 2 (Rp R 2 > R 3 , corresponding to three different acid radicles) certainly occur in 
• OK3 

small quantities in certain normal fats, e.g.> in ordinary butter-fat, also in tallow. 


Fats are usually neutial bodies, but old or rancid fats often contain large 
quantities of free fatty acids, which may be extracted by sodium carbonate solution 
or by alcohol. Old palm oil, and some fish oils, often contain no less than 
60 per cent, of free fatty acids. 

While at ordinary temperatures some fats aie vhite crystalline solids, others are 
fluids, fatty to the touch; all produce peimanent grease-spots on paper; they are 
insoluble in water, slightly soluble in alcohol, easily soluble in ether, benzine, 
chloroform, carbon disulphide, and carbon tetrachloride. When distilled alone 
they decompose, producing \apours of acrolein; with high tension steam they 
distil with partial saponification into free acids and glycerol. 

Pure fats are tasteless, odourless, and keep for years. When, however, they 
contain small quantities of nitrogenous animal or vegetable impurities they often 
turn rancid in the presence of air, decomposing into free acids and glycerol by a 
process of enzyme hydrolysis. Oxygen is absorbed during this change, and the 
acids formed are often oxidised to oxyacids, while the glycerol is also partially 
destroyed. In air-tight vessels, in the absence of oxygen, fats do not become rancid. 
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When heated with an aqueous (but best with an alcoholic) solution of sodium 
or potassium hydroxide fats are completely “saponified” into glycerol and the 
alkali salt of the fatty acid, thus:— 

<yi B (O.C, 7 lI a8 CO), + 3NaO!I = C 3 H 5 (OH) 3 + 3C iy H M .COONa 

Tristeal in. Caustic Soda. Glycerol. Sodium Stearate 

(ordinary soap). 

The metallic or inorganic salts of the fatty acids are called “ soaps.” 

Other bases, such as slaked lime, magnesia, and lead oxides, readily saponify most fats, the 
resultant soaps, however, being usually insoluble. 

It should be particularly noticed that the alkali carbonates, such as sodium or potassium 
carbonates, will not saponify fats even when boiled with them at ordinary pressures. Heated under 
high pressure in autoclaves they readily saponify (see p. 108). 


Statistics Relating to Mineral, Animal, and Vegetable Oils and Fats 
Imported into the United Kingdom. (For details regarding Mineral Oils, 
see pp. 13, 14.) 




Quantities. 


Artici ks. 




Value 





in 1910. 



1906. 

I9IO. 


Oil, Fish: viz., train, blubber, spenn, or 
head niatlei ----- 

^ Tuns 

27,808 

46,101 

£ 

927,231 

,, Animal. 

Cut. 

165,659 

105,571 

146,654 

„ Castor. 

.. 

5 °i 3 2 9 

26,898 

39,334 

,, Cocoa-nut: unrefined 


335.545 

539,686 

1,013,629 

,, ,, refined 

,, Mineral jelly (including vaseline) 

»> 

202,491 

500,219 

>,136,736 

,, 


21,773 

47,960 

,, Olive: unrefined ... - 

Tuns 

9.419 

6,905 

299,922 

,, ,, refined - 

»> 

4,967 

6,311 

386,189 

,, Palm: unrefined - 

Cwt. 

1,223,787 

1,994,385 

3,056,614 

,, ,, refined .... 

>» 

61,684 

60,775 

111,800 

,, Mineral and lubricating (for details 

L 

... 

5.653,802 

see p. I3)., 





„ Seed — 





Cotton-seed oil: unrefined 

Tons 

1,786 

902 

22,984 

,, ,, refined 

Linseed oil: pure - 

»* 

10,884 

15,950 

562,672 

>» 

17,056 

37,242 

1,252,141 

,, not pure - 

>» 

1,508 

1,221 

13,489 

25,477 

Rape-seed oil - 

t* 

11,050 

359,166 

Other seed oils «... 

» > 

4,627 

12,455 

398,597 

,, Turpentine - 

Cwt. 

512,836 

472,247 

1,001,216 

,, Essential: natural - 

Lbs. \ 

1,882,080 

<■ 1,983,063 

320,218 

,, artificial - 

.* i 

1 169,599 

34,369 

,, Unenumerated .... 

Value 


160,741 

Total of oil . • 

- 

... 

... 

16,966,532 

Oleo-margarine or oleo oil 

Cwt. 

291,932 

448,215 

>,”6,383 

Tallow and stearin . 

»» 

1.933.836 

2,462,771 

4,194,489 

Lard . 

»» 

2,049,367 

1,452,493 

4,520,074 

Oil-seed cake, containing no dutiable 





ingredient — 


> 55 >> 6 o 


952,884 

Cotton-se^d cake - 

Tons 

157,277 

Linseed cake .... 

M 

167,791 

104,210 

860,015 

Rape-seed cake - 

>» 

i 3,«9 

23,169 

111,034 

Other sorts . 

11 

24,018 

32,4io 

185,671 

Total of oil-seed cake 


360,198 

317,066 

2,109,604 

Nuts and kernels, for expressing oil there¬ 
from . , 

J- Tons 

57,265 

95.950 

*,9*5,279 
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Superheated steam or hot acids “ hydrolise ” fats into glycerol and free fatty 
acids, thus:— 


CjiyOCnll^CO), + 

Tristearin. 




C|H b (OH)j + 3 C«H„.COOH 
Glycerol. Stearic Acid. 


Certain ferments present in seeds (especially in castor seeds) readily split fats into glycerol and 
fatty acids at ordinary temperatures. See under Candles , p. 93. 

The fats and fatty oils are used for making soap, candles, lubricants, varnishes, paints, for 
burning in lamps, and for edible purposes. The industry is an enormous one. 

Fats have been artificially synthesised ; for recent work see Grun and collaborators, Ber., 1907, 
xl., 1778-1791, 1792-1801, and later papers. 


The following numbers refer to the Exports from the United Kingdom :— 


Articles. 



Quantities. 

Value 



1906. 

1910. 

in 1910. 

Oil, other than essential, or medicinal- 
,, Cocoa-nut: unrefined 

- 

Cwt. 

30,236 

73*173 

£ 

126,710 

,, ,, refined - 


M 

13.730 

228,109 

430,663 

,, Olive: unrefined - • • 


Tuns 

23 

22 

L 354 

,, ,, refined - • • 


»» 

112 

368 

49,125 

„ Palm: unrefined - • 


Cwt. 

2.583 

48,214 

84,801 

„ ,, refined • . • 

• 

}» 

17,162 

> 3 . 7 *o 

23,458 

,, Seed— 





Cotton-seed oil : unrefined 


Tons 

•59 

411 

ii ,979 

,, ,, lefined 


»» 

26.155 

29,501 

874.571 

Linseed oil : pure 


»» 

21,954 

21,463 

837.7*2 

,, not pure - 


»» 

2,403 

3,021 

98,85* 

Rape-seed oil 


»» 

3.928 

5*052 

141,368 

Other seed oils 


»» 

459 

38,944 

1,122,146 

Other sorts, unenumerated • 


Value 



1,561,634 

Total of oil 

- 

f 1 

... 

... 

5,364,372 

Oil-seed cake, not sweetened— 
Cotton-seed cake • 






• 

Tons 

21,432 

10,150 

49,613 

Linseed cake - 

. 

»* 

450 

682 

5,021 

Rape-seed cake 


99 

1,822 


Other sorts • 

- 

it 

2,423 

164,590 

*,032,549 

Total of oil-seed cake, not 
sweetened 


26,127 

175,422 

1,087,183 

Oleo-margarine .... 

. 

Cwt. 

10,705 

81,381 

206,360 

Grease, tallow, and animal fat - 


it 

726,697 

719*705 


The following statistics show the magnitude of the industry in the United 
States:— 


Imports in 1910. 


Article. 

Quantity. 

Value. 

Fish oils . 

2,311,000 gals. 

$727,000 

Cocoa butter, butterine. 

3,369,000 lbs. 

679,000 

Cocoanut oil. 

48,345,000 „ 

3,341,000 

Hemp- and rape-seed oil .... 

1,082,000 „ 

464,000 

N“t „ „. 

5 , 759,000 gals. 

2,440,000 

Olive oil (free). 

842,000 „ 

477,000 

„ (dutiable). 

3,702,000 „ 

4,869,000 

Palm oil. 

92,771,000 lbs. 

5,590,000 

Oleo steam. 

7,684,000 „ 

901,000 
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Lxports in 1910 


Article 

Quantitc 

\ alut 

1 ish oils 

1,529,000 gds 

^370 OOO 

I ard oils 

1151 000 , 

131 OOO 

Other 1 endue cl oil 

Sj 5,ooo 

401 OOO 

Corn oil 

11,299,000 11 s 

643 OOO 

Cotton sud d 

223 9 S 5 000 

14 798 OOO 

I insecd < d 

22S 426 ^ils 

155 OOO 

Od seed tile 



Com seed c d t 

40 10S 000 lbs 

689,600 

C otton seed c d e 

O40 08S oc 0 

9 c 71 000 

Linseed < 1 fli\ seed oil t 

()^2 316 OOO 

9 4S9 OOO 

Ltef t ill nv 

20 380 OCX) 

1 7S0 OOO 

Lire! 

,62 928 coo 

4j pi 000 

I ard substitutes 

74 15 56 OCX) 

6,88S,ooo 

Oleo od 

126,091 too 

14 303 OOO 

Olu mar^ai me 

, 410 O jo 

->30 OOO 


Manufacture of Animal Oils and Fats 



Fig. 6 .—Packer’s Rendering Tank 


These arc usuall) obtlined by heatin^ the 
tissues rieh in oil 01 fat, so as to cause the 
buisting of the fat containin 0 cell 

Tallow (beef or mutton bt) I he “lou^h 
fat fiesh hom the slau^htei house is ]>heed in 
a lead lined tank prouded with a steam eoil 
for heating, iml in outlet passing to a chnnn< y 
sttek for the esc ipe of offensive vapours Hot 
w iter is pouied on to the fat, and the vessel 
and its eontents heated foi some hours by 
the steam coil On settling, the melted fat 
rises to the surfaee as a clear layer, and is 
driwn off through outlet taps into anothei 
vessel J he fit is now ready foi use, unless 
when nude from inferioi nnteiials, when it 
must be refined tnd bleached as described 
below 

1 he ltsidue of fatty m itter left in the tank 
is at ldifitd with a little sulphuric acid, and steam 
again turned on I he small amount of sul 
phuric acid does not hydrolyse the fats, but 
paitially destroys the cell membranes, thus 
setting fiee their occluded fat, which is run off 
as before into another vessel An inferior 
vanety of fat is thus obtained 

1 allow for soap making (but not for 
comestible purposes) is rendered in digesters 
under pressuie I ig 6 shows one of the large 
modern rendering tanks used in the American 
packing industry, made of riveted steel plates 
and capable of standing a working pressure 
of four or five atmospheres, the largest ones 
are 8 ft in diameter and 20 ft high They 
are provided with safety valves, and discharge 
through a gate valve at the bottom The 
tank is filled to within a foot of the junction 
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of the upper cone and the cylindrical portion of the vessel — the material (in 
Chicago) often consisting of putrid carcasses of animals which have died in transit, 
diseased flesh, and other waste products unfit for comestible products. Then live 
steam at 40-50 lbs. pressure is turned on, and the contents of the boiler heated 
for eight to ten hours or so, the internal temperature being maintained at 130 0 - 
140° C Two air-cocks carry away the offensive fumes evolved during the heating. 
Finally the steam is turned off, the vent-pipes opened to allow the steam in the 
tanks to blow off*, and the fat is allowed to settle. The clear liquid fat floating on 
the surface of the water in the tank is now drawn off through the top draw-off* cock, 
and, as the level in the tank subsides, through the lower ones in succession. Finally, 
water is pumped in from below, so as to raise the level of the fat (which, of course, 
floats upon the water) so that it too may be withdrawn through the stopcocks. 

Last of all the valve at the bottom of the tank is opened, and the contents run 
out into a series of settling tanks and catch basins to retain fat globules still in the 
water. A sludge settles at the bottom of these tanks; it is drawn off and pressed. 
The liquid running from the tanks flows into evaporators (vacuum, triple effect) 



where it is boiled down into a thick “soup.” The sludge press-cakes are now mixed 
with this, and the mass sold as “Tankage Fertiliser.” 

Lard is the fat of the hog, which is separated from the slaughtered animal, 
and worked up as described above. 

Manufacture of Oleo Stearin and Oleo Oil from Beef Fat 

The fat from the recently slaughtered animal is rapidly removed and plunged 
into a vat, and washed with warm water until free from blood and other impurities, 
hardened by immersion in ice water, chopped into a fine mass by a machine a (Fig. 7), 
and melted at 7o°-75® C. in a steam-jacketed pan n, provided with slowly moving 
mechanical agitators. The mass is allowed to settle, salt being strewn over the 
surface of the liquid in order to accelerate the settling out of membranes and con¬ 
nective tissue (which collect at the bottom). Next the clear oil is siphoned over to 
another series of melting kettles, c, usually situated on a lower floor. More salt 
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is added, and the temperature maintained at 7o°-8o° C. until a second settling i* 
complete. The fat, now free from membrane and connective tissue, is siphoned 
into shallow settling tanks and allowed to stand three to five days at a temperature 
(peculiar to each fat) which experience shows is best suited for allowing the stearin 
to crystallise. This stearin forms a crust over the surface, and the rest settles*at 
the bottom, leaving a clear oil between. The crystallisation completed, the crust 
is broken into fine fragments by vigorous mechanical stirring, and the pasty mass 
thus obtained conveyed to a revolving table surrounded by skilled workmen, who 
wrap the mixture into small packages in canvas cloth (each containing about 3 lbs. 
weight), place them in hydraulic presses, and separate the oleo oil by great pressure 
slowly applied. The oil flows from the presses into large receiving tanks, while the 
solid stearin remains in the press as a cake, which is mixed with cotton-seed oil, 
and used for making lard substitute. The oleo oil is converted into margarine as 
described on p. 85. Caul fat yields about 50 per cent, oleo oil and 30 per cent, solid 
stearin, the precise yield varying considerably according to the temperature of 
pressing, the amount of tissue, and the quality of fat. 

Lard Stearin and Lard Oil are obtained by treating hog fat (lard) as above 
described. The oil is used for illuminating purposes, and the stearin for the 
manufacture of lard compound and soap. 

Fat from Garbag’e. —In large cities a considerable quantity of fat for soap¬ 
making is made by heating sewage or garbage in upright steel tanks of 6 tons 
capacity with live steam at 30 lbs. pressure for six to eight hours. The mass is run 
into vats, allowed to settle, and the free water and grease floating on it are run off 
by drop-pipes into separating tanks. The sludge is filtered through cloth, and the 
cakes of solid matter compressed and sold as manure. 

Fish Oils are obtained from all parts of the body of common fish—such as 
sardine, salmon, sprat, herring, menhaden, etc., by boiling. The best sorts of Cod 
Liver Oil are prepared by heating the livers (taken from the fish brought ashore 
alive and treated the same day) of the cod fish in steam-jacketed vessels, when the 
cell membranes burst and the oil exudes. Inferior qualities are obtained by treat¬ 
ing the putrid livers in a similar way; although unfit for medicinal purposes it is 
largely used in the leather industry (see Degras). Seal and whale oil are extracted 
from the blubber of the animals, sometimes on board ship itself, but more often in 
“trying” stations situated in Finnmarken, on the Lofotes, and in Iceland. The 
blubber is stripped clean from the flesh immediately after the arrival of the ship, 
cut into strips, chopped in mincing machines, delivered into melting pans, and 
boiled with steam. 

Menhadetl Oil is prepared from the heads and intestines of fish, especially 
of the menhaden or mossbanker of the Atlantic coast of America; used in the 
leather, paint, and rope trades. 

For Sperm and Arctic Sperm Oil see under Liquid Waxes. 

Manufacture of Vegetable Oils 

Vegetable oils and fats are obtained from oil-bearing substances (usually seeds) 
by two distinct processes : *— 

(a) By pressing in hydraulic presses. 

( b) By extracting with volatile solvents. 

( a ) Oil Extraction by Pressure 

Four distinct operations are usually performed:— 

(1) The seed is crushed or ground in special machines so as to break the 
oil cells. 


* For blocks and illustrations of machinery employed in seed-crushing, the authors have pleasure 
in thanking Messrs Rose, Downs, & Thompson, of Hull. 
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(2) The ground seed is heated so as to facilitate the flow of oil and to coagulate 
the albumen. 

(3) The product is now gently pressed in a moulding machine to prepare it for 
the hydraulic press. 

(4) Finally, the seed is conveyed to hydraulic presses and the oil expressed. 

Two different sorts of presses aie used, vi/., the Anglo-American (plate) and the 

cage or " cylinder ” (clodding) presses. In the Anglo-Amencan b>stem (Fig. 8) the 
moulded seeds are wrapped in cloth bags and placed between a series of plates. 
The expressed oil runs down, and is collected in tanks below the press. In the 
“cage” system (Fig. 9) the seeds are confined in a closed chamber perforated with 
little holes, large enough to allow the oil to flow out, but small enough to retain 
the seed. The pressure being applied, the oil is forced out. The advantages of 
the latter system are *— 

(1) Very great pressures can be applied, so that nearly all the oil is extracted at 
a single pressing. 



Fig. 8 . —IUitcn of I our An4lo-A111c.ru an Oil Russes liauug a continuous gutter fox 
collecting the expressed oil. (Rose, Downs, cV Thompson, of Hull.) 


(2) No exudation of the mass from the edges of the cloths or bags occurs as in 
the Anglo-American system. 

(3) The press cakes need not be “pared.” 

The plate or Anglo-American system is usually employed for the treatment of 
seeds requiring one pressing. A combination of both systems is often employed 
for very oily seeds requiring two pressings, or for the production of two qualities 
of oil. 

Different seeds require a somewhat different treatment; linseed and cotton seed, 
for example, require one crushing, while castor seed and copra (the flesh of the 
cocoa-nut) are usually crushed twice. We will outline the process usually employed 
in the case of the more important seeds. 

Linseed. —The seed must be perfectly clean. It was iormerly always necessary 
to pass it through a screening machine to remove impurities; but now much of 
the linseed on the market is sold on the basis of 95 per cent, purity, and some at 





28 


IXDCSI RIAL LIIEM IS IR 1 


97 per cent.; such seed is ready for immediate use without furiher cleaning. The 
clean seed is now passed to the rolls or crushing machinery c (Fig. io, which 
represents a complete oil mill designed by Rose, Downs, & Thompson, of Hull). 
The seed is passed into the hopper in the usual manner, and is distributed to the 
crushing rolls (made of hardened chilled iron) by a fluted feed roller of the same 
length as the crushing rolls placed at the bottom of the hopper. The feed of the 



Fig. 9,—Cage or Circular Box (Clodding) Oil Press. 
(Rose, Downs, & Thompson, Hull.) 


seed to the rolls can be altered at pleasure. As the seed passes the feed roll, it falls 
on to a guide-plate that carries it between the first and second rolls. After passing 
between these and being partially crushed, the seed falls on to a guide-plate on the 
other side, and is carried between the second and third rolls, where it is further 
crushed. It then falls on another guide-plate, which carries it between the third 
and fourth rolls, where it is ground still more. In large rolls it can he carried 
between a fourth and fifth roll before it receives the final crushing. 
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The crushed seed or meal is now raised by the elevator d (Fig. 10) into the 
kettle or heater f, where the mass is warmed by steam to the right temperature 
in order to facilitate the flow of oil when in the press, the heat also serving to 
coagulate albuminous matter in the grain. From the kettle the heated grain falls 
into the moulding machine or former g, where it is squeezed into cakes suitable 
for placing in the hydraulic press. The moulding machine also serves to accurately 
measure the amount of crushed or heated meal required for a cake, thus ensuring 
the production of cakes with little variation in weight. 

The cakes thus formed are wrapped in cloth bags and placed in the hydraulic 
press (Fig. 8, and h, Fig. 10). One of the larger Anglo-American presses will take 
some sixteen cakes 28 in. by 12 in. each, separated from each other by a steel plate. 
When the press is full the pressure is slowly turned on, and the oil begins to flow 
from the compressed meal, at first slowly and then very rapidly, the oil running 
down the sides of the machine into a tank in which the presses stand, and from 
which it is forced by a pump to the filters or store tanks. When the pressure has 
been applied for three or four minutes the flow of oil practically ceases, the oil 
simply dripping from the compressed cakes until the pressure is released. If more 
presses than one are being used, they are filled one after the other until the whole 
battery of presses are charged. The meal cakes are allowed to remain under 
pressure from ten to forty minutes (the exact time varying with the special conditions) 
and then the pressure is released on the first press in the series and the ram allowed 
to descend. The cakes are removed one by one as the ram descends, and fresh 
charges of meal introduced wherever a cake is removed. The cakes as they are 
removed are placed on the paring machine, their cloth bags stripped o(T, and their 
oily edges cut away by the paring machine, these oily parings being reduced to 
meal again by small edge-stones j (Fig. io), and returned to the kettle f (Fig. 10) 
to be worked up again. If a cage or circular box (clodding) press is employed the 
cake need not be pared—one great advantage of the latter system. The finished 
cakes are placed on racks in which they are allowed to stand until perfectly cool, 
when they are removed to the cake-house or store. The cake racks are usually 
placed in the most draughty part of the mill to assist the cooling process. Other 
similar small seeds are treated in much the same manner as linseed. Among 
these we may mention sunflower, mustard, China or Soya beans, some kinds of 
rape seed, poppy seed, and similar seeds requiring but a single pressing. 

Cotton Seed also requires but a single pressing. Two varieties exist—the 
black seed and the white; the former has its husk quite clean and free from adherent 
cotton (example, Egyptian cotton seed), while the husk of the latter is covered with 
short white cotton fibres (examples, American cotton seed, Indian cotton seed). 
Both classes of seed are treated in England in much the same way as linseed, the 
only difference being that the seeds as they leave the rolls are ground beneath 
powerful edge stones before passing on to the kettles. In the United States, how¬ 
ever, the cotton seed is first decorticated, the husk of the seed is entirely 
removed,’ only the resulting kernels or M meats ” being pressed. The advantage 
of this treatment becomes obvious when it is realised that practically 50 per cent, 
of the seed is husk, and that consequently a mill removing this by using decorti- 
cators can treat twice as much seed as a mill of the same size, but without decorti- 
cators. The husks are used as cattle food, fuel, or manure, as the case may be. 

Castor Seed* —This seed, being very rich in oil, is usually worked twice, the 
first time cold, and the second time hot. The seed must be very well cleaned 
before pressing, which operation is best carried out in cage presses, the seed 
being pressed in its natural state without any preliminary crushing at all. The 
best medical oil is the cold-drawn, and consequently it is “greatly to the advantage 
of oil manufacturers to press out as much oil as possible at a single pressing. 
Immense presses have been erected for this purpose in some mills. A set o f four 
giant presses is shown in the plate (Fig. 11), which represents a 
type of press battery, designed by Rose, Downs, & ThompsfllB 5 d U(trar irr Qftne^ 
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large English oil mills. Each set comprises two presses, having cages or cake 
chambers 19 in. diameter and 9 ft. long internally. These chambers are finely 
perforated, so that while retaining the solid residue, they allow the oil and other 
fluids to escape. Each press has its own kettle, 60 in. by 26 in., while the rams are 
forced at a pressure of 3 tons on the square inch. The seed is fed whole to the 
kettles, are there heated by steam to about 32° C., and afterwards pressed at 3 tons 
on the square inch. The resulting cakes contain from 8.5 to 10 per cent, of oil. 
The whole battery of four presses is worked by two men, and press a total weight of 
2 tons of seed per hour. 

Presses of this type are specially suitable for the first pressing of all kinds of 
very oily seeds, such as castor, sesame, ground nuts, copra, palm kernels, etc., 
producing a maximum quantity of first pressing oil, and reducing the oil in the cakes 
to such small proportions as to render a second pressing unnecessary, or permitting 
the remaining available oil to be extracted by solvents. In view of the high prices 
commanded by first-pressure oil, such presses effect a very great economy, although 
the first cost is high. In mills where less powerful presses are employed, the solid 
cakes resulting from the first pressing are ground up in suitable machinery, warmed, 
and pressed again. 

A very effective modern process is to first press with a cage machine, and 
then extract the bulk of the oil from the resulting cake by solvents. Such extracted 
oil cannot be used for edible purposes, but is valuable for soap-making, lubricating, 
etc. The meal from the solvent contains only 1 per cent, of oil. This mixed 
process is largely worked on the Continent. 

Copra.—This material is the flesh of the cocoa-nut. It is usually pressed twice 
owing to the difficulty of making cakes when pressed only once (unless very 
powerful presses are employed) and also on account of the very large amount of oil 
it contains. The copra is passed over a magnetic machine to remove all pieces 
of iron, smashed up in disintegrators, crushed in Anglo-American rolls, and auto¬ 
matically conveyed to the kettle or heater of the presses, which may be either 
“Anglo-American” or “cage ” type, for the first pressing. Usually the material is 
worked cold the first time, the resulting cakes being ground up and heated for a 
final pressing. This process, with slight deviations, is used for treating all very oily 
seeds, such as ground nuts (Arachides), palm kernels, sesame, copra, etc. 

( b ) Extraction of Oils and Fats by Means of Volatile Solvents 

* The oil cakes obtained by the pressing process may contain anything between 
7 and 10 percent, of oil. Such cakes are often sold as a valuable cattle food. 
Occasionally, however, when larger quantities of oils and fats than can be obtained 
by pressing are desired, the rest of the oil is extracted by solvents, which can be 
easily made to remove all except, perhaps, 1 per cent. Bones are extracted in 
the same manner. 

On the large scale three solvents are employed, viz., carbon disulphide, petroleum ether 
(benzine), and carbon tetrachloride. 

Chloroform and Ether, although excellent solvents, are at present too dear to employ for 
extracting on the large scale. 

Carbon disulphide, CS* boils at 46° C. and has a sp. gr. of 1.293. It is a colourless 
liquid and smells something like chloroform. When impure, however, it contains evil .smelling 
sulphur compounds, from which it may be purified by distilling first over sodium carbonate and then 
over freshly pressed plant oils, which retain these impurities almost completely. Carbon disulphide 
easily inflames and so is a dangerous substance. Its vapour sometimes catches fire when in contact 
with hot metallic surfaces heated to about 150 4 C., so that a violent explosion can be caused merely 
by a hot steam pipe or bearing heated by friction. 

With Petroleum ether, boiling between 8o°-i20* C # the danger of inflammation is much less 
and at the same time it is cheaper. It is, therefore, gradually replacing carbon disulphide. Carbon 
disulphide, however, is the better solvent, resinous fata and old palm oil being much more soluble 
in it than in petroleum. 





F*io. ii- —Immknsk Cack Presses Used t-ok Expressing Castor Dir. from Castor. Seed 
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Carbon tetrachloride, CC1 4 , is a good solvent, being easily volatile (B.P. 76.5° C., sp. gr. 
1*582) and non-inflammable. It is being employed for extracting bones and fats, the products 
obtained having a good colour; the odour of the tetrachloride can be completely expelled by 
blowing steam through the oil. Oils extracted by petroleum spirit always retain its smell. The 
main disadvantage that carbon tetrachloride suffers from is its great weight (sp. gr. 1.582), its 
dearness, and the fact that it attacks metal work. It must be noted that both carbon disulphide 
and carbon tetrachloride exert a poisonous physiological action, whereas petroleum spirit is not 
poisonous enough to affect the workmen. 

Two methods of extraction arc employed :— 

1. Extraction by cold solvents. 

2. Extraction by hot solvents. 


I. Cold Extraction. —This is preferable as regards fire insurance and is 
largely practised with carbon disulphide for obtaining palm fats out of palm kernels. 

The crushed and warmed seeds are charged into a (Fig. 12) (one of a battery of 
six closed iron cylinders) on to a perforated bottom f covered with sackcloth, and a 
stream of carbon disulphide from a reservoir is allowed to percolate through, 


passing in by b and flowing away by l 
( which is provided with a strainer) into 
the next cylinder of the series. The 
solvent thus flows through each cylinder 
in order, from the lop to the bottom, re¬ 
maining for a short time in each before 
passing on into the next. The solvent 
leaves the battery charged with about 50 
per cent, of fat. The exhausted cylinders 
are heated by a current of steam passed 
in through c, and the solvent still in the 
seeds is driven off through d, condensed 
in long tubes, and used again. The sol¬ 
vent containing the fats is pumped to the 
steam-heated still r, where the solvent is 
boiled off by the steam coils j k (Fig. 13). 
The vapours rise through m and the 
solvent is recovered by condensing the 
former in a special condenser. The resi¬ 
due of oil or fat left in r is freed from 
solvent by blowing steam through it, 
after which the oil is run off through p 
and allowed to stand until the condensed 
water has separated out. The battery of 
vessels is sq constructed that any one can 
be made the last of the series ready to 



.Fig. 12. —Cold Extraction Plant. 


be discharged and refilled with fresh meal, so that the process is a practically 
continuous one, the only time lost being in the actual refilling and discharging, 
which is effected by removing the clamped-down cover from a. 


The loss of solvent amounts to only 0.5 per cent, to 1 per cent, on 100 parts of 
fat. The fat is digested with a little concentrated sulphuric acid, and drawn off 
into wooden vessels. Fat obtained from carbon disulphide extraction is nearly 
odourless, whereas that obtained by this process from benzine still retains a slight 
odour of this solvent and may be used for making soap. 


% Hot Extraction* ~~In this process the extraction takes place continuously 
with a limited amount of solvent charged once for all into the apparatus, which is 
merely an enlarged form of the Soxhlet extractor employed in the laboratory. 

An apparatus extensively used for extracting fat from bones by means of benzine 
is$histtated below. 

Thedegreasing boilers a, a (Fig. 14) are filled with air-dried bones which rest on the 
|^rfo^0d i ^oor nn. The lower space »is heated by means of a steam coil d . Bv 
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Frrc. 13.—Still for Cold 
Extraction Plant. 


means of a nozzle b live steam can be blown in. Benzine 
is heated in the boiler c by means of a steam coil, and 
the benzine vapour, rising upwards, is superheated to 
t2o°-i3o° C. in the tubular superheater d by means of 
high-pressure steam. The superheated benzine vapour 
issues from small holes in the tube r and streams 
upwards through the bones. Part of the vapour con¬ 
denses hete, and flows down, carrying with it fat 
extracted from the bones, and collects in r, where it 
is continually boiled by means of the steam coil d. 
Part of the benzine vapour escapes in the gaseous 
state through /, and, together with the water simul¬ 
taneously expelled from the bones, is condensed in 
the cooler e. The superheating of the benzine vapour 
is necessary in order to dry the bones and thus enable 
the solvent to more thoroughly penetrate them. When 
no more water passes over the process is complete. 
A current of live steam is then blown through the 
apparatus by means of the nozzle b, and this soon 
drives the benzine out of the fat in w as well as that 
still remaining in the bones in a. The benzine thus 
expelled, together with condensed steam, collects in the 
water-separator f. The benzine being lighter than the 
water, collects on the surface and flows continually out 


at g into the benzine reservoir g, the water flowing 
away by u>. From the reservoir g the benzine flows into the lower-situated vessel 
c and is used over again. 

It will be seen that very little benzine is necessary to effect extraction, the same 
benzine being used over and over again. Bones treated thus yield 6-7 per cent, of fat. 

A typical modern extraction plant for scents is described on p. 134. 



Fie. 14.— Hot Extracting Plant 
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Merits and Demerits of the Methods of Extracting Oils and Fats 
by Pressure and by Solvents 

1. Edible oils and fats cannot at present be prepared by extraction by 
solvents, since enough solvent is always retained to impart a nauseous taste. Such 
oils and fats are, therefore, only used for soap making and other technical purposes. 

2. Extracted meal by itself is not suitable for feeding cattle. On the Continent 
it is mixed with press cake and sold for this purpose. Press cake is, however, far 
better as a food material from a stock raising point of view than the cakes 
obtained by the extractive piocess, even when these latter have oil or fat added to 
them so as to equal the proportion contained m the pressed cakes. 



Fig 15 —Iluhauhc Oil Filter Press, with self-contained Steam Pump. 

(Host, Downs, & Thompson, Hull ) 

3. The solvent process extracts the fats and oils to a far larger extent than the 
pressure process, only about 1 per cent, of oil being left in the extracted seed, 
against 7-10 per cent, m the pressed. In many cases a combination of pressure 
and solvent processes is the best, oil being first expressed and sold as edible oil, 
and the residue, still fairly rich in oil, is extracted, and the oil thus obtained sold 
for soap-making and other technical purposes. 

..General Methods of Refining and Bleaching Oils and Fats 

Hie actual process adopted depends somewhat upon the nature of the oils. If 
these ate fresh and well made, they may be worked up directly into technical 
products without any refining. 
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A {a) Tanking and Filtering. — The oils are run mto tanks and allowed to 
stand. Dirt and impurities settle to the bottom, and the supernatant oil becomes 
clear Sometimes oils are tanked for months or years at a time (*.#, linseed oil). 

A much quicker process is direct filtration, which avoids the loss of time and 
storage space necessitated by the old plan of subsidence, the sole product of the 
oil mill being a cake and bright oil, the residue in the filter being worked back 
again in the mill. The filtration is effected by pumping the oil direct from the 
hydraulic presses through a filter press (Fig. 15). This consists of a series of grooved 
iron plates, hollow on the inside, which are clamped tightly together, and which contain 
cloth separating them. The oil is thus forced through a succession of cloth filters, 
and the solid matters are caught and deposited in the spaces between the cloths. 



Fig. 16.—Cotton-Seed Oil Refining Tank. 


Nothing but oil comes in contact with the plates, the oil passing out at the end 
pure and bright. 

A (*) Treatment with Caustic Soda or Sulphuric Acid-— The oil is washed 
in special tanks with a solution of caustic soda or sulphuric acid. Thus cotton* 
seed ail is pumped into a large tank of the construction shown, then heated by 
steam to 30° C., and the proper amount (which depends upon the quality of the 
oil) of caustic soda solution (74 0 Be.) run in and mixed thoroughly either by 
mechanical agitators, or by a current of air blown through the liquids for fifteen 
minutes. On standing, a sediment of coagulated albuminous and mucilaginous 
matter from the oil settles at the Ixjttom of the tank together with the access of 
caustic soda solution. The oil is coded and siphoned off from the sediment to 
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a finishing kettle, where it is washed free from caustic soda by a stream of water. 
The wash water is withdrawn from the bottom of the kettle until oil comes; then 
fresh water is added, and the process repeated until the oil is free from alkali. 
During this operation a blast of air is blown through the liquids, or mechanical 
agitators are used, in order to thoroughly mix the oil and water. 

Finally moisture is expelled by heating the oil gently by steam pipes to a 
temperature not higher than 50* C., while a current of air is blown through. The 
last traces of moisture are sometimes removed by adding piaster of Paris and 
filtering. Filtration through a layer of common salt also removes all moisture. 

Many industrial oils are purified as above, but with a solution of sulphuric add\ 
About 2 per cent of sulphuric acid of 66* Be. mixed with an equal volume of 
water, is run into the oil contained in a lead-lined tank ; then the liquid is agitated 
by an air blast, warmed for about one hour, settled, the acid run off at the bottom, 
and the oil washed with water and caustic soda until free from acid; finally the 
clear supernatant oil is decanted and filtered. 

Edible oils and oils for lubricating purposes are nearly always purified with 
caustic soda, which removes the nauseous tasting free fatty acids. A trace of 
mineral acid spoils the oil for lubricating purposes. 

Deodons&tion of Edible Fats. —Certain high jjrade edible fats and oils are sometimes 
extracted with alcohol. They are stated to be rendered perfectly odourless and tasteless by this 
process, and so can be employed in the manufacture of high-class margarine and similar comestible 
latty products. 

Two methods are well known for the deodorisation of cocoanut oil:—(1) Washing oat the 
odoriferous bodies with alcohol. This removes the fatty acids, and also such substances as 
phytosteroL Chevreul and Schluick employ a joint process of washing with alcohol followed by 
treatment with charcoal. For a recent patent see l/rbain and Friege (French Patent, 361,960, 
190O. (2) Volatilisation by steanuug. Jeserich and Meinert (1882) passed high-pressure steam 

at 0-8 atmospheres into the fluid oil for two to three hours ; the non-volatile fatty acids left were 
then removed by adding 0.25 per cent, of calcined magnesia, and the magnesium soap formed is 
then skimmed off the surface. Klimont (English Patent, 3,164, 1902) neutralises the oil with alkali 
before treating with steam. 

(c) Bleaching with Chemicals.—Actual bleaching with chemicals is only 
resorted to in the case of inferior or very dark oils and fats. Bleaching by means 
of oxygen in a nascent state is usually effected by adding manganese dioxide or 
potassium bichromate and sulphuric acid:— 

MnOg + H a S 0 4 = MnS 0 4 + H a O + O, 

KjCr^Oy + 4^8^04 — Cr 2 (S 0 4 ) 3 + K a S 0 4 + 4H2O 4 * 3^ 

Sometimes bleaching powder or potassium bichromate, together with hydro¬ 
chloric acid, is used, when chlorine is evolved, thus:— 

Ca(C 10 )a + 4HC1 =» CaCl 2 + 2H*0 + 4CI 
K a Cr a 0 7 + 14HCI » 2CrCl s + 2KCI + 7H a O + 6 C 1 

No general rule can be given as to the best process to employ in a given case; 
thus tallow is usually bleached with manganese dioxide and sulphuric acid, while 
palm ail with bichromate and hydrochloric acid. The quantity of chemicals employed 
must be as small as possible, the time of interaction as short as possible, and the 
temperature as low as is compatible with efficiency. The glycerides may be 
seriously damaged if such conditions are not rigorously observed. 

It will be sufficient if we describe the Sulphuric Acid Bichromate Oxidation 
Process* The melted oil or fat at a temperature of about 38* C. is pumped into 
a lead-lined chemical treatment tank, compressed air is blown through it In order 
to tfaorotighiy mix the contents, while the requisite amount of bichromate solution 
(t bichromate : 4 water by weight) is run in. The mixing is continued for about 
one hour while the contents of the tank-are simultaneously warmed by a steam coil, 
foe liquid is allowed to settle, the acid run off at the bottom, and the oil 
*tib w*b» to remove add. 
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Palm Oil is now bleached on quite a large scale by means of oxygen, and 
more recently, by ozone. An apparatus for bleaching palm oil by atmospheric 
oxygen is represented in Fig. 17. A closed vessel is fitted at a with a steam jet 
exhauster, and a copper heating coil k k. At the bottom of the vessel is an annular 
air-distributing pipe with a large number of small holes connected to an inlet pipe 
carrying compressed air, oxygen, or ozonised oxygen. 

The palm oil, which has been previously liquefied, and allowed to stand so that 
the water and dirt may settle to the bottom, is run into the iron vessel, heated by 
the steam coil to ioo° C., and air is blown through. The oxygen removes most 
of the colouring matter, and as in this process no strong chemicals are used, the 
natural properties of the oil are not affected. The process tnay take two hours. 
Rank fish oils are deodorised and decolourised by this process. Sometimes instead 



Fig. 17.—Plant for Bleaching and Deodorising Palm 
Oil by means of Oxygen or Ozone. 


of air steam at a tempera¬ 
ture of no° C. is driven 
through the oil, ten hours’ 
steaming being sufficient 
to deodorise 4 tons of oil. 
Another method of bleach¬ 
ing palm oil (and which 
yields good results with 
almost all other kinds of 
oils) is this : Melt, say, 100 
parts of palm oil in a 
boiler, and when liquidadd 
a solution of chloride of 
lime, made by dissolving 
7 parts by weight of the 
chloride in water for every 
84 parts by weight of oil; 
mix intimately, cool, and 
cut the hardened mass into 
small pieces, and leave 
exposed to the air for a few 
weeks. Next place the fat 
in a boiler lined with lead, 
add a 5 per cent, solution 
of sulphuric acid, equiva¬ 
lent in total amount to 
the lime chloride, heat, 
separate the oil from the 
acid, wash, and allow to 
solidify. 


Bone Fat is often bleached as follows: place the fat (which must be free from 
gelatine and calcium phosphate) in an iron pan, add an equal weight of brine of 
14^15° Be., boil for three hours, allow to stand twelve hours, draw off the fat into 
a wooden vessel, and treat with a mixture of 2 parts potassium bichromate dissolved 
in boiling water, and & parts of hydrochloric acid (22 0 Be). This quantity is 
sufficient for 400 parts of fat. Leave the mass standing, stirring at intervals, when 
decoloration proceeds gradually. When complete, wash the fat with hot water. 


Ajn seed Oil may be refined by placing 236 gallons into a copper boiler, adding 
6 lbs. of oil of vitriol, and stirring together for three hours. Next add 6 lbs. of 
fuller’s earth mixed with 14 lbs. of hot lime, stir three hours, run off the oil into a 
copper vessel containing an equal volume of water, boil three hours, draw the fire, 
and when the oil is cold, run off the water and let the mixture settle for some weeks. 
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Fig. l8.—Fuller’s Earth Plant. For treating lard, cotton-seed oil, cocoanut oil, ground-nut oil, etc. 
(Rose, Downs, & Thompson, Hull.) 
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It is frequently decolourised by a 30 per cent, solution of FeS 0 4 or with KOH 
followed by K 2 Cr 2 0 7 and HC 1 . Other ways used are:— 

1. Sun Bleaching , employed for the most expensive varieties of artists’ oil. The 
oil is exposed to sunlight in shallow trays under glass. 

2. By Hydrogen Peroxide .—Shake the oil in a glass bottle with a 5 per 
cent, solution of hydrogen peroxide, and allow to stand for some days, shaking 
occasionally. The oil clarifies and is poured off from the water at the bottom. 

3. By Potassium Permanganate (suitable also for poppy oil),—Place 25,000 
parts of oil in a large glass balloon, add a solution of 50 parts of potassium perman¬ 
ganate in 1,250 of water, stir well, allow to stand twenty-four hours at a gentle 
warmth, then add 75 parts by weight of powdered sodium sulphite, agitate well, 
add 100 parts of hydrochloric acid, again agitate, and allow to stand until de- 
colourisation takes place. Wash the oil with water rendered milky with chalk powder 
until free from acid, and finally separate the water, and filter off the oil through 
anhydrous sodium sulphate. 

Bleaching of linseed oil with chloride of lime and hydrochloric acid, or calcium 
bichromate and sulphuric acid, is sometimes employed, but the operation requires 
great care and is sometimes dangerous. 

Decolourisation with Fuller's Earth, Animal Charcoal, etc.—Animal 
charcoal is by far the best decolourising (and deodorising) agent known, yet on 
account of its cost it can only be employed for edible oils and fats. More usually 
fuller’s earth or powdered kaolin is used, being less expensive than charcoal. The 
oil is treated with the decolourising powder in a special mixer. The apparatus shown 
in Fig 18, p. 37, is that manufactured by Rose, Downs, & Thompson at Hull. It 
consists of a steam-jacketed cylindrical steel tank with a contracted neck at the 
top, and provided with a powerful stirring apparatus for rapidly mixing the fuller’s 
earth with the oil. The tank is filled to the underneath part of the neck with the 
oil or fat to be treated (which has been previously heated to 40*-6o* C.), and 
3-5 per cent, of fuller’s earth (the exact quantity depending upon the amount 
of colour to be removed) rapidly stirred in. The earth should be in the form of 
a perfectly dry powder. It is a silicate of aluminium. 

Oils and lard, which are to be used as food, must not be left in contact with 
the fuller’s earth for more than fifteen minutes after mixing or they begin to acquire 
an earthy flavour. Consequently the materials must be separated as rapidly as 
possible after they have been stirred round for the right time. 

The oil or lard is rapidly pumped away through the filter press, which retains 
the fuller’s earth, the oil passing on through the filter cloths. Finally steam is 
blown through the press so as to free the cakes from oil. When the press is opened 
the earth falls out as a powder upon the floor, little or no oil being left in it. When 
dealing with fats or waxes which are solid at ordinary temperatures (e.g. % tallow, 
lard, paraffin wax) the filters are steam-jacketed so that their contents can be 
maintained at any temperature necessary to prevent the solidification of the fat in 
the presses. 

Demargination of Oils.—Many of the vegetable oils (such as cotton-seed, 
arachis, fish, and some sorts of olive oil) deposit a crystalline mass of “ stearin n 
on standing. It is very important that edible oils should not solidify at tempera¬ 
tures near the freezing point. Also lubricating oils must necessarily remain liquid 
at low temperatures, an oil still fluid at -15* C. being demanded for railways in the 
United States. Such oils are known as “ Winter Oils.” 

Hence many natural oils must be /'demarginated” before they can be placed 
on the market Originally the process consisted in simply storing the oil in huge 
vessels through the winter, when the “ stearine " separated out as a white solid mass 
at the bottom. The supernatant oil, when drawn off, formed the f< winter oil” 
This process is still used for arachis oil, but in other cases the cooling is artificially 
carried out, and the stearine removed by forcing the oil through a filter press. 
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Fig, 19 shows an oil-cooling and filtering plant designed by Rose, Downs, & 
Thompson, of Hull. The oil is placed in the tank c, which is provided with agitators 
and a cooling coil. The cooling effect is produced by allowing anhydrous ammonia, 
condensed to a liquid by the pump b, to expand through the cooling coil in the 
tank c. Here the liquid suddenly expands into a gas, producing intense cold in 
so doing. The oil, under the influence of this cold, and aided by a vigorous 
mechanical stirring, deposits its stearine in the solid form at the bottom of the tank. 
The ammonia, now issuing as a gas from the cooling coil, is recondensed to a liquid 
by the pump b, the compression being carried out in the tank c, filled with cold 
water, which effectively carries away the heat generated in the operation. The 
process is continued until the oil is reduced to the temperature at which it is desired 
to remove the stearine. When this point is reached the oil i? drawn off and pumped 
through the filter press d, which removes any suspended steairne crystals. 



Fig. 19. —Oil-Cooling and Filtering Plant, lor the separation of stearin and olein. 
(Rose, Downs, & ihompson, of Hull, England.) 


Oil which has been treated in this way will always remain clear and bright at any 
temperature above that at which the stearine has been removed. 

Tire separated stearine. is a valuable product, being largely used for making 
margarine, margarine cheese, lard substitute, etc. etc. 


VARIETIES OF FATS, FATTY OILS, AND WAXES 

Classification 

’ For convenient description we divide the oils and fats under the headings; 
t) Animal flits and Oils, (a) Vegetable fats and oils, (3) Waxes. 
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x. Animal Fats and Oils. These include Fish Oils.— The oils derived 
from marine animals are characterised by their odours and, analytically, by a high 
Maumen£ and iodine value. 

2. Vegetable Fats and Oils may be conveniently arranged, according to their 
iodine values, into (a) Solid fats, ( b) Non-drying oils, (c) Semi-drying oils, 
(d) Drying oils. 

No rigid line can be drawn between these classes, as they merge into each other. 
The iodine value affords a means of ascertaining roughly their constitution and 
gives a rough basis of classification. Triolein has an iodine value of 86.2 and 
consequently if an oil absorbs more than 86.2 per cent, of iodine it probably 
contains the glyceride of an acid of the linolic or linolenic series. Now linolic 
and linolenic acids and their glycerides readily absorb oxygen from the air—a 
property not possessed by oleic acid and triolein—and it is due to the presence of 
trilinolin and trilinolenin that the drying oils owe their property of drying by 
absorbing of oxygen on exposure to air. Since the iodine value of pure trilinolin 
is 173.6, oils having an iodine value of above 170 may be classified as drying 
oils ; those having an iodine value of 90 or lower may be called non-drjring 
oils; while oils having intermediate iodine values may be called semi-drying. 
In practice it is found that oils with iodine values above 140 have valuable 
drying properties; those with iodine values 100-140 are semi-drying, since they are 
able to absorb a certain quantity of oxygen, but will not dry completely when 
exposed to the air in a thin layer. Oils with iodine values less than 100 are 
practically without drying value. 

The Fish oils form an exception to this rule; some of them have iodine values 
as high as that of linseed oil and absorb large quantities of oxygen ; yet they do not 
usually dry to a hard layer. Their unsaturated acids are of a different constitution 
from linolic and linolenic acids. 

3. The Solid Waxes of Animal and Vegetable Origin, and the liquid 
waxes (sperm oil, bottlenose oil) are characterised by their high content of highei 
alcohols (unsaponifiable matter). They do not contain glycerol. They are there¬ 
fore treated as a separate class under the title of Waxes (see p. 52). 

Varieties of Animal Fats and Fatty Oils 

Tallow, the solid fat of oxen and sheep, consists of tristearin, tripalmitin, and 
40-46 per cent, triolein.* Mutton tallow melts 45°-55°; oxen tallow 45**50* C.; solid 
point, 40°-47°; Reichert value, 0.25 ; Hehner value, 96; iodine value, 35-46; saponi¬ 
fication value, 193-198; sp. gr. 0,86 at ioo°, 0.94-0.95 at 15°. Melting point of 
fatty acids, 38 # -49° C.; solid point, 38°-48\ 

Tallow Oil. —Very similar constants to lard oil; iod. val. =*32-57 ; Maumenl, 
4 i*- 44 ° C. 

Lard is the rendered fat of pigs. American lard often contains cotton-seed 
oil and tallow.—M.P. 3o°-49°; sol. pt. 23**30°; sap. val. 195-197 ; iod. val. 50-77; 
Hehner val. 95-98; sp. gr. (100° C.) 0.860-0.864. The separated fatty acids have 
sol. pt 34**42°; mol. wt. 278; iod. val. 64; refract, index, 1.439 (60° C.). 

Lard Oil, Oleo Oil. —Acid val. 0.4; sap. val. 193; Hehner val. 97.4; Reichert- 
Meissl val. 0.4-0.9; iod. val. 53-88. Insol. fatty acids have sap. val.— 206. 

Goose Fat— M.P. 25°-34°; sol. pt. i 8°-20° ; sap. val. 184-198; iod. val. 60-72; 
Reichert-Meissl val. 0.2-0.3; Hehner val. 92-96; sp. gr. 0.91-0.93. 

Butter Fat is described under Rutter. 


* Recent researches have shown the presence of mixed glycerides. 
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Bone Fat, from fresh bones,—M.P. 21*-22°; sol. pt. 15^17* C.; sap. val. 
*9J-i95 5 iod. val. 46-56; sp. gr. 0.914*0.916 at 15* C. Mixed fatty acids, M.P. 
30°; sol. pt. 28*; neut. val. 200; iod. val. 56-58. Fat extracted from old bones 
by benzine is dark, smells unpleasantly, contains calcium soap (derived from 
mineral matter of bones) and free fatty acids. Used for soap-making. 

Sheep’s Foot Oil, Horse Foot Oil, and Neat’s Foot Oil are yellowish 
oils valuable for lubricating (since they do not easily become rancid), obtained by 
boiling the feet of cattle with water.—Sp. gr. 0.91-0.92 at 15° C.; sap. val. 194-197; 
iod. val. 73-75; Maumen6 test, $8 9 -so° C. Mixed fatty acids, sol. pt. 2o°-26° C.; 
iod. val. 66-76; neut. val. 200-206. 

Horse Fat, yellowish, often becomes rancid.—Sp. gr. 0.89-0.93 at 15° C., 
0.79-80 at ioo° C.; M.P. 4o°-5o°; sol. pt. 22°-48°; iod. val. 75-85; Reichert 
val. 0.33; Hehner val. 95. Mixed fatty acids, M.P. 36°-4i°; sol. pt. 3o°-33°; iod. 
val. 74-84. 

Fish Oils are usually fluid, containing glycerides of oleic, stearic, physetolie 
acids, and other unsaturated acids. Unless of the best medicinal qualities these 
oils are dark, evil-smelling fluids in consequence of small quantities of decomposi¬ 
tion products of decaying fish (trimethylamine).—Sp. gr. 0.92-0.933 ; sap. val. 170- 
200; iod. val. 100*110; Reichert val. 1.5-2.2; Hehner val. 95; Maumene’s test, 
ioo # -i28° C. Mixed fatty acids, sol. pt. 2i°-28°. 

Fish oils are now used both in the ordinary and the enamel leather trade with 
excellent results; and the enamel leather produced, whilst not quite so glossy as 
when linseed oil is used, is said to be more flexible and less liable to crack; also 
for soap-making, and in the manufacture of printing ink. 

When cooled, fish oils often deposit solid masses of Fish Stearine (fish 
tallow). 

Sod Oil (Ddgras) is the waste oil obtained in the process of chamoising leather. 
The leather is soaked in fish oils and then exposed to the air. Oxidative and fermenta¬ 
tive processes set in which convert the contained oil into sod oil. The oil is 
extracted from the leather by means of sodium carbonate solution, and then separated 
from the emulsion it thus forms by the addition of dilute sulphuric acid. A similar 
product is obtained by blowing air through fish oils heated to 120° C. Sod oil 
consists principally of unchanged fish oil, owing its valuable properties to the 
presence of a resinous acid “ d6gras former,” of unknown constitution, soluble in 
alkalies, insoluble in petroleum ether; it is this substance which makes sod oil so 
suitable for oiling dressed leather.—Sp. gr. 0.92-0.98 at 15° C.; refract, index, 
1.475-1.478 ; acid val. 8-28; sap. val. 180-190 (from shark-liver oil only, 143); acetyl 
val. 22-48; iod. val. 70-100. 

Varieties of Vegetable Fats and Oils 

(a) Solid Vegetable Fats (*>., M.P. above 20° C.) 

Cacao Butter is expressed from cacao beans in the process of working them 
into cacao.—M.P. 3<>*-34*; sap. val. 192-200; iod. val. 34-37; Reichert-Meissl val. 
0.83; refract, index (6o* C.), 1.45. Sp. gr. 0.96-0.97 at 15 0 , 0.85-0.86 at ioo*. 
The insol. acids have M.P. 48 ,> -53 # ; neut. val. 190; iod. val. 32-39; refract, index, 
1.4a (60* C.). 

Chocolate Fats. —The best substitutes for cacao butter are made by express¬ 
ing, at a temperature slightly over the normal atmospheric temperature, the solid 
fats which crystallise out from palm-nut and cocoa-nut oils. Small quantities 
of animal fats are sometimes added to raise their melting points; these, however, 
sometimes impart an unpleasant taste, and it is better to use for the purpose 
vegetable fats such as those from margosa or mowra oil. Sap. val. 242-254; iod. 
val 6-10; M.P, ; ReicherbMeissl, 3.5-8.0. 
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Nutmeg Butter is obtained from the seeds of Myristica officinalis .—Sp. gr. 
0.94*99 at 15°, 0.88-90 at ioo°; M.P. 38°-so° C.; add val, 22; sap. val. 156; 
iod. val. 40-80. 

Chinese Vegetable Tallow is the hard fat which coats the seeds of the 
Chinese tallow tree.—M.P. 44**53° C.; sap. val. 200; iod. val. 32. 

Japan Tallow is a similar fat which surrounds the berries of certain sumach 
trees which flourish in China and Japan; rich in palmitin.—M.P. 50**53*; sap. val. 
220; iod. val. 4-15. 

Palm Oil, obtained in very large quantities from the fleshy parts of the fruit 
of certain palm trees, is a fat having a sweetish taste and an odour resembling that 
of violets, which persists even after bleaching with air at high temperatures, and after 
making into soap. It consists principally of tripalmitin, triolein, and free fatty 
acids; the proportion of the latter is sometimes very large in commercial specimens 
owing to a piocess of enzyme hydrolysis which goes on in the shipped oil.—Sp. gr. 
0.92 at 15* G, 0.85 at 100* C.; sol. pt. 3i°-38°; M.P. 27*-42* C.; sap. val. 202; 
iod. val. 51-57; Reichert-Meissl val. 0.9; Hehner val. 95; refract, index (6o w C.) 
1,451. Insol. fatty acids have sol. pt. 36°-45°; M.P. 47°-5o*; neut. val. 204-206; 
iod. val 53. 

Palm-kernel Oil, Palm-nut Oil is obtained from the kernels of the palm 
tree fruit, and contains much lauric acid. It is easily saponified by cold concen¬ 
trated caustic soda solution.—Sp. gr. 0.91 at 40°, 0.87 at ioo* C.; sol. pt. 23° C.; 
M.P. 23**30* C.; sap. val. 250; iod. val. 10-17 ; Reichert-Meissl val. 5-7; Hehner 
val. 91; refract, index (60° C.) 1.4431. Insol. fatty acids have sol. pt. 2o°-25*; neut. 
val. 251-265; iod. val. 12. 

Cocoa-nut Oil IS the fat obtained from the kernels of the cocoa-nut. The 
fleshy part of the kernel, called copra, contains a large amount of fat, which consists 
of glycerides of lauric, myristic, palmitic, and other acids, some of them volatile. 
The fat, like palm-kernel oil, is easily saponifiable in the cold by concentrated 
caustic soda solution. Largely used for soap and margarine manufacture. For 
the latter purpose it is deodorised (1) by washing with alcohol, or (2) by treating 
with superheated steam (see p. 35).—Sp. gr. 0.92 at 15 0 , 0.86-0.90 at 100* C.; sol. 
pt. 16**23° C.; M.P. 23**2 6°; sap. val. 250-260; iod. val. 8-9; Reichert-Meissl val. 
7-8; refract index, 1.43 (6o° C ; ). The fatty acids have sol. pt. 20**25*; neut. val. 
258; iod. val. 8-9. 

Mahwa Butter, Mohwrab Butter, Mohrah Seed Oil (from Bassia latu 
folia). —M.P. 23**29*; acid val. 5-71; sap. val. 187-194; Hehner val. 95; Reichert- 
Meissl val. 0.4-1.0; iod. val. 50-68. Insol. fatty acids, sap. val. 206. 

Mowrah Seed Oil (from Bassia longifolia).— Sap. val. 196-202; iod. val. 50. 

Myrtle Wax.— Acid val. 3; sap. val. 205-212; iod. val. 1.9-4. Fatty acids 
have neut val. 230. 

Shea Butter, Bambuk Butter, Karitd Oil, from the seeds of Bassia Parks 
(West Africa and Soudan).—Sp. gr. 0.85*0-92 (15* G)j M.P. 25*-28* C; sol. pt 
i7 # -i 8 # ; sap. val 171-192; iod. val. 56-59. 

( k ) Liquid Vegetable Non-Drying Oils 

These do not absorb oxygen from the air, nor do they dry up. Iodine value 
usually under 100. 

Olive Oil, much valued as an edible ©if (salad oil), is obtained from the fruit 
of the olive tree. The cold pressed oil is the best; the second pressings or the 
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oil extracted by carbon disulphide is used for soap making; consists of 70 per cent, 
triolein, 28 per cent, tripalmitin and tristearin, and a little Unolein.—Sp. gr. 
0.914-0.918; sol. pt. 2 # -4 # C.; sap. val. 190*195; iod. val. 79-93; Reichert-Meissl 
val. 0.6; Hehner val. 95 ; Maumend test, 4i°*47 # C.; refract, index, 1.47 (15° C.); 
viscosity, 312 secs, at 21* C. The fatty acids have sol. pt. i7°-26°; neut val. 193; 
iod. val. 86-90. 

Olive-kernel Oil. — Acid val. a-3.5 ; sap. val. 182-188; iod. val. 79-88. 

Almond Oil, obtained from bitter and sweet almonds, is very similar to 
Peach-kernel Oil, Plum kernel Oil, etc.—Sap. val. 190-195 ; iod. val. 93-100. 

Arachis Oil, Pea nut Oil, Earth-nut Oil, is an edible oil obtained from the 
seeds of Arachis hypogcea. It contains arachidic acid as a glyceride.—Sap. val. 
190*196; iod. val. 90-103; Reichert-Meissl val. 0.5; Maumend, 45**75°; viscosity, 
300-430 secs, at 2i # C.; refract, index (15° C.) 1.47. The insol. fatty acids have 
sol. pt. 23*-28 # ; neut. val. 202; iod. val. 96-105. 

Croton Oil. —Sap. val. 210-215; Reichert-Meissl val. 12-14; acetyl val. 
38-41; iod. val. 101-109; sol. pt. 7 0 C. Fatty acids have neut. val. 201 and iod. 
val. in-112. 

Grape-seed Oil. —Acid val. 16; sap. val. 178-179; Reichert-Meissl val. 0.46- 
2.0; iod. val. 94-97. Fatty acids have neut. val. 187 and iod. val. 98-100. 

Castor Oil, obtained principally from the seeds of Ricinus communis , consists 
mainly of the glyceride of ricinoleic, isoricinoleic, and dihydroxystearic acid, 
together with a little tristearine. It is a very viscous oil, miscible with absolute 
alcohol and glacial acetic acid in every proportion and much used as a medicine 
and lubricant, but also for manufacturing Turkey red oils (which see).—Sp. gr. 
0.960-0.966 (15* C.); sol. pt. - io° to -12 0 C. ; sap. val. 176-183; iod. val. 
83-86; refract, index, 1.480 (15* C.); viscosity 1160 secs, at 37* C.; Reichert- 
Meissl val. 1.1. Mixed fatty acids, M.P. 13° C. ; Maumen6, 47. 

Blown Oils, Oxidised Oils, Soluble Castor Oils.—When semi-drying vegetable oils, 
blubber oils, and liquid waxes are placed in a vessel provided with a steam heating coil, and 
wanned from 70M15 0 C., while a current of air is blown through, the oils oxidise to viscid, 
dense fluids which are miscible with mineral oils. They form valuable lubricating oils, approaching 
castor oil in mechanical properties; since castor oil is insoluble in mineral oils (and so cannot be 
mixed with them), such oils are known commercially as “ Soluble Castor Oils. 1 ’ 

Turkey Red Oils, Sulphouated Oils are viscous, transparent liquids used in the preparation 
of cotton fibre for dyeing and printing Turkey red. Concentrated sulphuric acid is slowly run, 
with constant stirring, into castor oil, the temperature being kept below 35* C. during the whole 
course of the reaction. The product is washed with water, settled, the lower layer drawn off and 
washed with a solution of Glauber’s salt until only slightly acid ; finally ammonia or soda is added 
until the sample will give a complete emulsion with waters Turkey red oil F. is completely soluble 
in water. Turkey red oil S. is only partially soluble in water. See p. 549. 

Nitrated Oils are heavy, viscid liquids obtained by treating castor (or linseed) oil with a 
mixture of 2 parts of concentrated sulphuric acid and 1 part of concentrated nitric acid 
(sp. gr. 1.5). They form homogeneous mixtures with nitro-cellulose. Thus a product resembling 
ebonite is obtained by mixing x part of nitrated castor oil with 9 parts of nitro-cellulose. 
Dissolved in acetone, these nitrated oils form varnishes which are capable of enamelling leather and 
mixing paints. 

For Bone Oil, see p. 420. 

For Essential Oils, see p. 13a. 

For Rosin Oil, see p. 339. 

For Oil of Turpentine, see p. 337. 

( e ) Semi-drying Vegetable Oils. 

These absorb oxygen from the air and become thick, without, however, com* 
finely drying up. Iodine value from 95-140. 
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Cotton-seed Oil is produced on an enormous scale in North America from 
the seeds of the various sorts of cotton trees; 17,000 tons, of value ^580,000, were 
imported into Britain in 1910. It consists of glycerides of palmitic, oleic, and 
various unsaturated and hydroxy acids which cause the oil to somewhat rapidly 
oxidise at ordinary temperatures. It is, therefore, a weak drying oil. When cooled 
it deposits a large amount of cotton seed stearin. Used as an edible oil, for 
adulterating lard, in the manufacture of margarine, soap, and lubricants.—Sp. gr. 
(15° C.) 0.922-0.930; sol. pt. 3°-4° C.; sap. val. 191-195; iod. val. 105; refract, 
index, 1.478 (15 0 C.); Maumene, 74°-78° C. Fatty acids have M.P. 35°-38 # ; neut. 
val. 201-208; iod. val. 110-115. 

Test for Cotton-seed Oil. —Dissolve 5 c.c. of the fatty acids from the oil in 2 c.c. alcohol in a 
test tube. Heat to boiling on water bath ; add 2 c.c. of 2 N.AgN 0 3 solution; an immediate black 
colour shows presence of cotton-seed oil. Five per cent, of cotton-seed oil can be detected in rape 
wr olive oil by this test 

Rape or Colza Oil, Sweet Oil, obtained from the seeds of Brassica 
campestris , contains considerable quantities of rapic acid, C l7 H g2 .OH.COOH, and 
other unsaturated oxy-acids. Being cheap, it is much used for lubricating and 
edible purposes. The pure oil on exposure to air remains fluid for some days, but 
long exposure causes it to thicken somewhat and become rancid. If adulterated 
with drying oils it rapidly turns into a jelly-like mass, or even becomes solid.— 
Sp. gr. 0.914-0.918; sap. val. 170-178; iod. val. 94-107 ; Hehner val. 95 ; Reichert- 
Meissl val. 1 c.c.; viscosity, 330-380 secs, at 21 0 C., 91 94 secs, at 6o° C.; Maumene 
test, 60* C. The elaidin test is here very useful for detecting presence of drying oils 
in rape oil. The fatty acids have sol. pt. i3°-i8°; neut. val. 185 ; iod. val. 96-104. 

Sesamd Oil, obtained from the seeds of the sesame plant, Sesamum indicum 
and orientate , is a valuable edible oil consisting of a mixture of the glycerides of 
stearic, palmitic, oleic, and linolic acids. To detect the presence of the oil, dissolve 
0.1 g. sugar in 10 c.c. HC 1 (sp. gr. r. 19); add 20 c.c. of oil; shake and allow to stand: 
trimson colour in the aqueous filtrate shows presence of sesame oil.—Sp. gr. (15° C.), 
0.914-0.916; sap. val. 188-195 ; sol. pt. -5* C. ; iod. val. 103-112 ; Maumen6, 65*- 
72* C.; Reichert-Meissl, 0.7 c.c. 

Sunflower-seed Oil.—Acid val. 0.2-6; sap. val. 190-193; iod. val. 118-136; 
Maumen6, 67°-75° C. Fatty acids have sap. val. 201 and iod. val. 124-134. 

Maize Oil, Corn Oil.—Obtained from germs of the maize plant, Zea 
Mays , L. The germs are a by-product in glucose and starch works using maize 
as their raw material. Acid val. 2-20; sap. val. 187-190; Hehner val. 88-94; 
Reichert-Meissl val. 0.3-10; iod. val. 113-129. Fatty acids have neut. val. 200 
and iod. val 121-127. 

Pumpkin-seed Oil has acid val. 3/5-19; sap. val. 188-195 ; iod. val. 104-130. 

Black Mustard Oil has acid val. 5-8; sap. val. 173-175 ; iod. val. 98-110. 

White Mustard Oil has acid val. 5-6 ; sap. val. 170-171; iod. val. 92-96. 

Soja Bean Oil, from the seeds of Dolichos Soja , L., Soja hispida , Soja japonica % 
etc., plants indigenous to Manchuria, Japan, China. The seed contains 18 per cent, 
oil and 30-40 per cent, protein, and yields 13 per cent. oil. The expressed meal 
is made into bean-cakes; the Soja bean industry being one of the most important 
of Manchuria and Japan, 1,500,000 tons of oil being exported in 19x1. The oil 
consists of glycerides of oleic and linolic acids, dries on standing to a thin skin, 
and is used for edible and illuminating purposes in the Far East; now used as a paint 
and linoleum oil. See Toch,/*«r. Soc. Ckem. Ind. t ^1, 572 (1912).—Sp. gr. 0.924; 
sap* val. 190-193; iod. val. 121-124; Maumen6, 59 -61°; sol. pt. + 8°-i5* C. The 
fatty acids have a M.P, 27°-29*; sol. pt. 25*; iod. val. 115-122. 
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{ d ) Drying Vegetable Oils 

These absorb oxygen from the air and dry up to a hard skin. They have an« 
iodine value usually over 140. 

Hempseed Oil has a sap. val. 190-195 and an iod. val. 140-166; Maumene, 
95°-98 # . Separated fatty acids have a sol. pt. i4°-i6°; iod. val. 122-140. 

Candle-nut Oil has a sap. val. 184-193 and an iod. val. 136-163. 

Niger-seed Oil has a sap. val. 189-192 and an iod. val. 126-134. 

More important than these are the following:— 

Poppy-seed Oil, a pale yellowish oil obtained by pressing from seeds of the 
poppy, is used as a salad oil and for making artists* paints: a good drying oil.— 
Sp. gr. (15 0 C.) 0.92-0.97; sap. val. 192-197; iod. val. 137-143; Reichert-Meissl 
val. 0.0; Hehner val. 95; Maumene* test, 88° C.; refract, index, 1.477 ( I 5 ° C.). 
Fatty acids have sol. pt. 16.5 ; neut. val. 199; iod. val. 139; refract, index, 1.451 
(15.5 0 C.). The differentiation of poppy oil from walnut oil— eg., in the examina¬ 
tion of white paints—is achieved most readily by the hexabromide test (which see); 
walnut oil yields 1.4-2 per cent, of hexabrominated glycerides, poppy-seed oil none. 

Walnut Oil, a very good but expensive drying oil obtained from the seeds of 
the common walnut tree; being almost colourless, it is used for making the best 
white paints for artists, such paints being less liable to crack than those made from 
linseed oil. For distinction from poppy-seed oil see the latter. It is frequently 
grossly adulterated with mineral oil.—Sp. gr. 0.925-7 *(15° C.); sap. val. 192-198; 
iod. val. 143-151; Maumene test, 96°- iio ° C.; Reichert-Meissl val. 0.0; Hehner 
val. 95. Fatty acids solidify at 16 0 C., and have iod. val. 150. 

Tung Oil, Chinese Wood Oil, Wood Oil, a very important drying oilf 
possessing a characteristic odour and an even more pronounced drying power than 
linseed oil (giving, however, a wax-like , non-elastic product which renders it quite 
useless for paints in its ordinary condition), and when heated alone in absence of 
oxygen to i 8 o °-25 o ° C., it polymerises to a solid mass. It is said to be used for 
adulterating Chinese lacquers, and has been used in a solidified form for linoleum 
manufacture (see p. 50). In 1906 28,685 tons were exported from Hankow 
while the home consumption in China may amount to 60,000 tons. It is obtained 
from the seeds of Aleurites cordata and other trees growing in China, Japan, 
Tonkin, Annam, etc. It consists principally of glycerides of oleic and elceomargaric 
acids .—Sp. gr. 0.94; sap. val. 190-195; iod. val. 149-167; Maumene, 3oo°-372* 
Separated fatty acids have sol. pt. 3i°-37°; neut. val. 189; iod. val. 145-160. 

LINSEED OIL AND PRODUCTS DERIVED THEREFROM 

Linseed Oil, a yellowish brown fluid from the seeds of the flax plant, Linum 
usitatissimum , is largely used for paint, varnish, oil-cloth, linoleum, and soft soap 
manufacture. The oil is principally composed of glycerides of unsaturated acids 
like isolinolenic acid (58 per cent.), linolenic acid (13 per cent.), linolic acid 
(13 per* cent.), oleic acid (4 per cent.). The oil rapidly absorbs atmospheric 
oxygen, with formation of a tough resinous mass and hence is a “drying oil.” 
This drying property is increased by heating to 180° C. or by the addition of 
metallic salts—“ driers 38,000 tons, value ^1,250,000, were imported into 
England in 1910. 

Constants of Linseed Oil— Sp. gr. (15° C.) 0.93-0.94; sap. val. 190-195; 
iod. val. 1 73-193; Reichert-Meissl val. 0.00 ; Hehner val. 95; Maumen6 test, 103*- 
145* C. ; refract index (15* C), 1.4835 ; viscosity (21* C.), 212 secs. Flash-point 
about 243* C. (47<* # F*)« Mixed fatty acids solidify at 13*-17* C.; melt at 
117**24* C; neut val. 196-199 and iod. val. 179-200. 
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To test the drying properties of linseed oil, smear a glass plate with the sample and expose in 
the water oven. Note how long it takes to dry, also the nature of the residuum ; compare with a 
standard sample treated in the same manner. 

To find presence of driers incinerate 50 g. in a large porcelain crucible and analyse residue for 
metals. 

To find whether suitable for linoleum making heat some in a copper basin to 260° C., stirring 
and blowing air through the mass. Dense fumes are evolved and after a time it becomes thicker. 
A specimen is drawn out and cooled. It should be “stringy,” #.<?., capable of being drawn out into 
threads. Compare with a standard sample of oil treated similarly. Adulteration with mineral oils 
lowers the saponification value. 

The Chemistry of the Driers.* —The chemical changes taking place when 
linseed oil “ dries ” or “ sets ” are very complex, and, although they have been care¬ 
fully studied by numerous different investigators, our knowledge of the sarnie is 
very indefinite and unsatisfactory. We do know, however, that it is the result of 
oxidation, for the oil may be stored unchanged for an indefinite time in vacuo, 
or in the presence of an inert gas such as nitrogen. When oxygen can gain access 
to the oil, an increase in weight becomes apparent, and an elastic solid called 
“linoxyn” is produced, resulting in the “drying” of the oil. The term “drying,” 
however, is misleading, for it implies that water has evaporated, leaving a solid 
residue—which is not the case. 

We are not to suppose that linoxyn is a single substance, or that it is produced 
by the mere addition of oxygen to the linseed oil molecule. During the process 
of drying, not only is oxygen absorbed, but formaldehyde, and carbonic and formic 
acids are simultaneously liberated, showing that very complex reactions are taking 
place. 

It has been known for many years that certain substances can accelerate the setting of linseed 
oil, and they are therefore known as “ driers.” The actual way in which these bodies act is obscure. 
Owing to the fact that some of the most common driers were highly oxygenated bodies, like 
manganese dioxide (MnO a ) and red lead (Pbj, 0 4 ), a very plausible theory was advanced, according 
to which the driers themselves gave up to the oil the necessary oxygen to induce setting. When, 
however, quantitative experiments were performed, and proved that a ton of linseed oil can absorb 
from 3-5 cwt. of oxygen,t whereas only about 5 lbs. of drier are added to the same weight of 
oil,' it was evident that such a theory was, to say the least, very incomplete. This led to the enuncia¬ 
tion of the so-called “catalytic theory of driers,” according to which the driers act as catalysers, 
that is to say, they assist the oil to take up oxygen without themselves undergoing a permanent 
alteration. The exact way in which this is done is uncertain, but it is usually assumed that when 
suspended in the oil or paint they unite with the atmospheric oxygen to form unstable, highly 
oxygenated bodies, which hand over their excess of oxygen to the oil almost immediately, being 
themselves reduced to their original condition. -They are now in a position to unite with more 
oxygen, and to yield that up again in a precisely similar manner to the oil. And so the process goes 
on indefinitely until the oil has set. 

The two main facts that may be cited in favour of this theory are as follows:— 

1. A small quantity of drier is able to effect the rapid oxidation of a large amount of oil. 

2. The best driers are the oxides or salts of those metals which are known to exist in various 
stages of oxidation, and to be readily oxidised to, or reduced from one state to another. Thus, for 
example, manganese, lead, and iron, from which the bulk of the best driers are prepared, each yield 
a series of well-defined oxides containing varying proportions of oxygen. 

In the accompanying table t a list is given of the common driers, together with 
the percentage of metal usually found in them. The theoretical percentage of metal 
cannot always be given, as the composition of the finished product varies according 
to circumstances, the amount of water of crystallisation in particular being dependent 
upon the temperature at which the salts are prepared. 


* For a more detailed discussion of the action of driers on linseed oil the reader is referred to 
“An Introduction to the Chemistry of Paints,” by J. Newton Friend (Longmans ft Co,, 19x0). 

t This is based on tbe fact that during the process of setting, linseed oil has been observed to 
absorb from 15-1$ per cent, by weight of oxygen gas* 

t This table is taken from Friend’s “Introduction to the Chemistry of Paints,” p, uj. the 
data having been calculated from the results given by T. A* Davidson in Tils paper entitled “The 
Action of Drier* on Unseed Oil,” read before the Paint and VaroiSh Society, 12th November 190k. 
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Table of Common Drifbs. 


Name. 


Colour. 

Per Cent. 
Metal in 
Pure Drier. 

Per Cent. 
Metal in 
Commercial 
Drier. 

Litharge - 


Buff . 

90-3 

89.4 

Red lead .... 


Red - 

90.1 

80.7-87.6 

Lead acetate 


White - 

54-6 

52 . 4 * 53*3 

,, linoleate 


. Brown - 

31.2 

„ oleate .... 


Yellow - 

... 

22.6 

„ rosinate (fused) - 


Yellow-brown 


15.6 

,, „ (ppted.) - 


Light brown - 

... 

Manganese borate 


Pinkish - 


7.8-23.8 

,, carbonate - 


Buff - 


38.8-42.6 

,, dioxide- 


Black - 

63.2 

50 . 4 * 54*3 

,, hydroxide - 

,, linoleate 


Brown - 
Dark brown - 

46.5 

7.8 8.9 

oleate- 


Brown - 


8.1 

,, oxalate 


Pinkish - 


30.2 

,, rosinate (fused) - 


Dark brown 


2. 3 * 3 * 5 

,, „ (ppted.)- 

,, sulphate (anhydrous) 

- 

Pinkish - 
Tinkish - 

3 M 

5.0 6.1 


As is evident from the above table, a considerable vaiiety of substances are 
placed under the category of driers. In the case of the metallic salts the efficiency 
is influenced to a slight extent by the nature of the acids with which the metal is 
combined. If this latter is favourable to the catalytic action, the drier is slightly 
more powerful than might otherwise be expected. This is true of rosinic acid, and 
metallic rosinates have of late found great favour amongst painters generally. They 
may be prepared by fusing together rosin and a metallic oxide, a product free from 
moisture being obtained, and known as a “fused” drier. “ Precipitated ” driers, 
as their name implies, are obtained by mixing solutions of alkaline rosinates with 
a soluble metallic salt, whereby the drier is precipitated. Such diiers always 
contain a considerable quantity of moisture, up to, say, 6 per cent., and are 
thereby readily distinguished from fused driers. Other organic salts, such as the 
oleates and linoleates of lead and manganese, are also very -efficient driers. 
Lewkowitsch has recently prepared tungates of these metals from the fatty acids 
of tung oil. 

Since these organic compounds are readily soluble in turpentine and linseed oil, 
they are known as u soluble” driers. Solutions in either or both of these solvents 
are termed <c liquid ” driers or terebines. 

It does not always follow, however, that the most powerful driers are necessarily the best for 
all work; other properties should be taken into consideration. For example, le$d acetate is well 
known to be weaker than red lead and litharge, nevertheless it is used extensively m the manufacture 
of patent driers because it does not darken the oil so much—a point of considerable importance 
when white and light coloured pigments are being used. Ferrous sulphate should be used with care 
as it tends to render the film of oil brittle. 

Now, according to the catalytic theory, chemically inert substances cannot be expected to 
function as driers. Nevertheless Hurst * found one “ patent 99 drier to contain more than half its 
weight of calcium sulphate, whilst another contained 77 per cent, of barium sulphate (barytes) and 
sttka. It would be unwise, with our present limited knowledge, to assume that chemically inert 
bodies are necessarily useless as driers, for it may well happen that the introduction of fine particles 
Of iOlid into the oif can assist in some physical manner the absorption of oxygen, just as we know 
fine powders out greatly accelerate the oxidation of combustible gases. At present the only method 
Of determining whether or not a drier is of any value is to test it experimentally in some such 
manner at that indicated below. 


f “Painters* Odours, Oils, and Varnishes,” by Geo. Hurst (Griffin & Co., 1906), p. 437. 
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Turpentine is not infrequently regarded as a drier, but the researches of 
W. N. "Hartley would seem to indicate that such is not the case in the strictest 
sense of the term. Turpentine assists in the drying of the oil by rendering it 
thinner, so that the painter can spread it over a larger surface, and thus come into 
contact with a proportionately greater quantity of air. It is not impossible, 
however, that whilst the above is the main function of the turpentine, a catalytic 
action does take place to a small extent in addition, for it is well known that 
turpentine readily absorbs oxygen from the air, yielding, as many chemists believe, 
an organic peroxide, which latter would act on the oil in an ahalogous manner to an 
inorganic peroxide. 

In the case of litharge and red lead, complications arise owing to tendency 
which these oxides exhibit to saponify the oil, whereby an insoluble lead soap is 
produced, which produces a more brilliant coat on drying than the pure oil alone. 
To what extent this saponification assists the rate of drying is at present unknown. 

Practical Testing of Driers.* —The old method of testing diiers by noting the time taken by 
a thin film of terebine to set hard on glass cannot be too strongly condemned, for it leads to most 
conflicting results. One of the most satisfactory methods is that given by T. A. Davidson. + This 
investigator prepares a seiies of mixtures of linseed oil and drier in varying proportions. These are 
kept at a uniform temperature for a number of hours in separate stoppered bottles. The liquids 
are now filtered through paper into fresh bottles, and a portion of each is run on to a glass slide 
and placed in an air oven at constant temperature. From time to time the slides are examined 
and the number of minutes or hours noted that are required before the film is sufficiently firm to 
bear the finger being gently drawn across it without leaving a whitish mark. This time is known 
as the “setting value,” is greatly affected by a number of factors, such as temperature, rate of change 
of air, thickness of the oil film, moisture, and the nature of the surface to which the oil is applied. 
In testing a drier, therefore, it Is necessary to perform two series of experiments at the same time 
and under precisely similar conditions, one with a standard drier, whose efficiency is well known 
from practical experience ; the other with the sample to be tested. Only in this way is it possible 
to arrive at satisJaclory and reliable results. 

Varnishes, Lacquers, and Enamels 

Varnishes, lacquers, and enamels, when applied to the surfaces of bodies, have 
in general two functions to fulfil, namely, those of piotection and of ornamentation. 

Oil Varnishes were first manufactured on a commercial scale in England at 
the close of the eighteenth century, and are prepared by dissolving resins in linseed 
oil. Owing to the fact that the resins aie, as a rule, insoluble in the oil before 
fusion, varnishes cannot be prepared by simply mixing the ingredients at the 
temperature of -the room. The resins are first fused in copper gum pots, and a 
quantity of oil already at 500° F. (260° C.) is added under vigorous stirring. The 
contents of the pot are now run into a large iron tank capable of holding the 
“runnings” of several pots, and the temperature maintained at 500° F. until the 
varnish has cleared and is stringy. It is then cooled, thinned with turpentine, and 
stored to clear and age. 

Simple as the above process appears to be in theory, years of practice are 
required to produce thoroughly satisfactory results. If the resin is not properly 
fused it cannot undergo thorough union with the oil, the imperfectly fused portions 
remaining suspended as very fine insoluble particles in the varnish, instead of 
being dissolved in the same. The result is that when the varnish is applied to any 
surface it sets with a “ bloom.” Whilst this is not the only cause of blooming it is 
a sufficiently common one to merit attention. 

For pale varnishes it is essential that the resins employed be pale, and, unless 
the temperature of the gum pot is carefully watched and maintained as low as 
possible, the resins will darken and spoil. 

These technical difficulties, coupled with the fact that the already costly resins 
lose from 5-20 per cent in weight during fusion, has led to many attempts on the 
part of manufacturers to employ some other method. Experiments have been 


* This subject is dealt with in further detail in Friend’s “ Introduction,” etc., p. 161 it $eq. 
t Davidson, itc. cit . 
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earned out with terpineol, with amyl alcohol, and with naphthalene and phenols as 
solvents, but with doubtful success. 

Enamels consist of oil varnishes into which certain finely levigated pigments, 
such as zinc oxide and Venetian red, have been thoroughly ground. Black enamels 
are usually prepared from asphaltum. 

Spirit Varnishes are prepared by mixing resins with such solvents as 
methylated spirit or turpentine, and allowing to stand in a warm place. Excessive 
heat must be avoided, owing to the volatile nature of the solvents, and the 
inflammability of their vapours. The methylated spirit employed should not be 
weaker than 64 over proof. 

Nitro-cellulose Varnishes. —Varnishes used in the manufacture of artificial 
leather and in special lacquer work consist of nitro-celluloses dissolved in amyl 
acetate and suitably coloured. About 450,000 gallons of amyl acetate are annually 
employed in the United States for making such nitro-cellulose varnishes. These 
varnishes are likewise used for painting iron work owing to their non-porou*. nature. 
For particulars see pp. 21 6a, i\ and c. 

Water Varnishes are made by dissolving gums or glue in water. If, just 
before use, a small quantity of potassium bichromate is added to glue varnish, the 
coat is rendered almost waterproof. 

Natural Varnishes. —Two genera of plants belonging to the Anacardiacea 
yield a sap on tapping, which is used in the Far East as a natural varnish or 
lacquer, namely, Rhus for Japanese and Chinese lacquers, and Melanorrhea, which 
yields black Burmese varnish. Japanese lacquer is hard, its hardness increasing 
with age. Its great value lies in its persistent lustre, and to the resistance which 
it offers to such agencies as spoil our ordinary oil varnishes. It should be borne 
in mind that the so-called lac ware of India is not true lacquer ware, as it is 
produced by the aid of shellac dissolved in suitable liquid menstrua. The chief 
Chinese.tree yielding lacquer is Rhus vcrnicifeta ,, native to that country, and, like 
the art of lacquering, introduced from China into Japan. Chinese lacquer is 
frequently adulterated with tung oil. When first obtained from the tree it is 
greyish white in hue, but quickly oxidises and becomes brownish black. The 
Japanese lacquer is very similar. Both lacquers harden only in a moist atmosphere, 
hence in China lacquering is performed in wet weather, and in Japan it is conducted 
in special moisture-laden rooms. Oxygen is slowly absorbed during the setting to 
the extent of 5.75 per cent, of the weight of the original varnish. The only methods 
of thinning the lacquer known to the Japanese are by warming, or by addition of 
camphor. For this reason camphor wood is not used as the foundation for lacquer, 
although almost any other kind of wood may be employed. 


Solidified Linseed Oil, Linoxyn, Oil Cloth and Linoleum 

LITERATURE 

See Reid, Joum. Chew . Soc . fnd, 1896, 75. 

Ingle, foe. eit., 1904, 1197. 

A. db Waelr and O. J. Patrick, “ Linoleum ”: Its Manufacture and Valuation, foe. 
eit. t 1915. 

The technical literature is poor, and much of the materials for the accompanying article were 
privately communicated by firms interested in the trade. 

linseed oil rapidly takes up oxygen and solidifies to a flexible solid mass of 
unknown constitution, termed “ solidified linseed oil," “oxidised linseed oil/ 
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“ linoxyn,” etc. The substance is manufactured on a large scale by several different 
processes (F. Walton, 1860-63). 

1. Linseed oil, freed from moisture by settling (sometimes by filtering through 
dry sait)-^-otherwise frothing ensues on boiling—and boiled with a drier to accelerate 
oxygen absorption, is allowed to flow down a light cotton fabric (“scrim”) sus¬ 
pended from the ceiling of a high room which is maintained at 38° C. The flooding 
with oil takes place daily, and each layer solidifies in about twenty-four hours. The 
process is continued for six to eight weeks, the oil dripping from the cloth being 
drawn off and allowed to flow again down the cloth. When the layer of solidified 
linseed oil is half an inch thick, the “skins” (25 ft. long) are cut down, and the mass 
passed between rollers. It is known as “scrim oil.” The scrim at first supports 
the oil, but before the skins are ready to be cut down the cotton is so thoroughly 
rotted that it readily disintegrates, and cannot be traced in the subsequent processes 
through which the oil passes. 

2. Raw linseed oil is placed in a horizontal steam-jacketed cylinder within which 
a central shaft provided with arms rotates with high velocity. The cylinder is only 
half filled with oil, and the arms beat it up into a fine spray, while at the same time 
a current of air is driven through. Steam in the jacket is maintained so as to heat 
the oil to a proper temperature (which differs with the kind of oil to be produced). 
As the oxidation proceeds the temperature rises, and the steam is now replaced by 
cold water. The oil is oxidised in five to six hours, but if an oil of a light colour 
is required, twenty-four hours is required. The thick viscous liquid is run while 
hot into trays where it solidifies on cooling. At this stage it is not so thoroughly 
oxidised as scrim oil, and (except when used for cork carpet) the trays have to be 
kept in stoves at a temperature of about 38° C. for from four to eight days until 
the desired degree of oxidation is obtained. 

In this forced method of oxidation there is a loss of about 8 per cent., whereas, 
in the natural oxidation of the scrim method there is an actual gain of about 7 per 
cent. The oil oxidised in this manner is more liable to spontaneously ignite than 
that produced by the scrim process. The oil is not quite so elastic as that prepared 
by the “scrim” process, owing to part of the oxidised oil being “superoxidised” to 
a liquid substance, first discovered by Reid. 

3. A third process for reducing linseed oil to a thick mass suitable for mixing 
with ground cork, etc., for linoleum making is achieved by prolonged boiling alone, 
which causes the oil to polymerise. A considerable proportion of the linoleum sold 
at the present day is made from oil so prepared. The manufacture of. linoleum 
from polymerised linseed and tung oil has been patented by Dewar and the 
Linoleum Manufacturing Company (English Patent, 5,789, 1903). See p. 45. 

Linoleum and Oil-cloth Manufacture* 

The first step in the manufacture of linoleum is the production of “linoleum 
cement” This is done by melting the solidified oil with various gum resins 
(usually kauri gum and rosin), and mixing with it cork flour and various pigments 
and fillers. The linoleum composition thus obtained is finally rolled on to canvas. 
A good elastic cement is composed of about 8£ cwt. of oxidised oil, 1 cwt rosin, 
and 3 cwt. kauri gum; sometimes copal is added. Each manufacturer, however, 
uses his own formula, and this is carefully kept as a trade secret The kauri is 
pulverised, but the rosin can be used in lumps since it acts as a flux. The mixing 
operation is carried out in a steam-jacketed vessel provided with stirrers. Samples 
are withdrawn from time to time and tested. It is of the greatest importance that 
no overheating takes place. When thoroughly mixed, the “cement” is run into 
pans, and in summer is sometimes artificially cooled, since large masses of this (as 
well as the oxidised oil) have been known to heat and spontaneously inflame. The 
cement is cut into small pieces, mixed with rather more than its weight of ground 
cork, passed through steam-heated mixing rolls, more thoroughly amalgamated in a 


See Reid,J(wm. Sec. Chem, Ind. t 1896, 75; Ingle, loc. cit. t 1904, 1197. 
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mixing drum (various colouring matters being here added according to the colour 
desired for the finished linoleum) and then passed into a 44 German”—an apparatus 
resembling a large sausage machine, but very strongly made. At first steam 
heating is necessary, but once the machine is working the heat generated by 
friction keeps the mass soft, and in summer it is even necessary to circulate cold 
water in the jacket instead of steam. From the 44 German ” the linoleum issues as 
lumps or pellets, and is passed through mixing rolls, in which it is converted into 
sheets, and finally is rolled upon jute canvas by means of steam-heated rolls. The 
canvas back is protected by a varnish ( 4< backing”) spread upon it by means of a 
special machine; the main ingredients of the backing are oxidised oil and varnish, 
or varnish bottoms mixed with ochres or oxides; the material is fluid when hot, 
but solidifies on cooling. Finally the linoleum is “seasoned” in rooms at 23.5 0 C., 
best in horizontal racks. 

Linoleums maybe grouped into (1) Plain and Printed; (2) Inlaid; (3) Cork 
Carpets. 

The Plain Linoleums consist essentially of cork, pigment, and cement 
rolled on canvas; they are printed with oil colours so as to produce designs 
(“printed linoleums”). The oil paints, however, in time wear off, and efforts 
were made to produce coloured patterns running right through the thickness of the 
coating composition, thus introducing 44 inlaid linoleums.” This requires special 
machines of extreme ingenuity. Differently coloured linoleum compositions are 
granulated and moulded into the required shapes, and placed upon the canvas in 
such a way as to produce the required design; an alternative method is to roll the 
differently coloured compositions into sheets, and cut from these sheets various 
forms and stamp them upon the canvas. The patterns thus built up are immediately 
welded together by heat and pressure, and afterwards seasoned. Details of these 
special processes will be found in the patent literature. All inlaids contain a large 
proportion of wood flour in addition to cork dust. 

Granite Linoleums are of this class. The 44 granite” effect is produced by 
mixing together granules of differently coloured linoleum compositions before 
pressing the material on to the canvas. In these inlaid linoleums the proportion of 
cement is generally rather more than that of cork and wood flour, so as to ensure a 
thorough welding of the various linoleum compositions forming the design. 

In Cork Carpets the cork grains are larger, and wood dust is never employed, 
while the quantity of pigment is usually smaller than in the plain and inlaid 
varieties. Both kinds of cement are used. 

Oil-doth consists simply of fabrics coated with linseed oil, whiting, and 
pigment, and are printed in oil colours in the usual way. 

The colours used in linoleum and oil-cloth manufacture are— 

Red. —Red oxides, or, in the case of bright inlaid colours, permanent lakes. 

Blue.—' 14 Ultra” blue. 

Green. —Chrome green and Brunswick green. 

White. —White lead, lithophone. 

Yellow. —Chromes. 

Black. —Vegetable black. 

The authors’ best thanks are due to Mr A. H. Dewar, F.I.C., manufacturing 
manager of the Linoleum Manufacturing Co. Ltd., who gave us much information 
regarding the modern methods used in manufacturing linoleum. 

Statistics. —The amount of oil-cloth and linoleum imported into the ‘United Kingdom in 
1910 was 1,060,000 sq. yds., of value £71,700. The amount exported is shown by the following 
figures:— 

5 
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Quantities. 

Value in 
1910. 


1906. 

1910. 

Oil-cloth— 

For floor coverings • • Sq. yds. 

For furniture coverings - ,, 

For all other purposes - „ 

37 , 395 .ioo 

8,206,200 

3,272,700 

36,123,800 
IS. 773.700 
2,394,800 

£ 

1.932.742 

611,602 

87,297 

Total of oil-cloth - ,, 

48,874,000 

54,292,300 

2,631,641 


The United States in 1910 imported 4,800,000 sq. yds. (value, $1,834,000) of oil-cloth and 
linoleum ; the export of floor oil-cloth reached $128,000 m 1910, the value of other kinds of oil-cloth 
exported being returned as $353,000. 


ANIMAL AND VEGETABLE WAXES (NON-GLYCERIDES) 

LITERATURE 

See under Oils, Fats, and Waxes. Special works dealing with waxes alone are— 

L. Sedna. —“Das Wachs und seine technische Verwendung.” Vienna, 1902. 

T. W. Cowan. —“Wax Craft: All about Beeswax.” London, 1908. 

The manufacture of ordinary commercial “sealing wax” (which usually does not contain true 
wax) is dealt with in the following works :— 

H. C. Standage. —“Sealing Waxes.” London, 1902. 

L. E. And£s. —“Siegel- u. Flaschenlacke.” (Vienna, 1885). 

W. ELLRAM.—“ Siegel-und Flaschenlackfabrikation.” Lodz, 1900. 

The waxes are esters formed by the union of fatty acids and alcohols not 
belonging to the glycerol series. Hence waxes are sharply distinguished from fats 
in that they contain no glycerol; they have, however, many properties in common 
with true glycerides (fats); thus they can be saponified with alkalies, the salts of 
fatty acids and alcohols being obtained :— 

CigH^CO. O. Cgo H 61 + KOH = C^H^COOK + CmH^OH 

The wax 11 myricin.” Pot. palmitate. Myricyl alcohol. 

The saponification is much more difficult to carry out in the case of waxes than 
in the case of fats. Wool wax, for instance, must be boiled with alcoholic potash 
for at least twenty hours; moreover the higher alcohols, being insoluble in water, 
occur in the “ unsaponifiable ” residue. This allows us to readily distinguish fats 
from waxes; for whereas most fats yield 95 per cent, of fatty acids, the liquid 
waxes yield only 60-66 per cent., the remaining 40-34 per cent, being made up of 
monovalent alcohols, among which we may mention :— 


ix 

r Cetyl alcohol - 
1 Octodecyl alcohol - 

- C 1( H s .OII. 

- C u H w .OII. 

.a * 

Lanolin alcohol 
f Cholesterol - 

- CaHaOH. 

- CjjjHjjOH. 

y 

65 

CarrtaUbyl „ - 

- QuH^OH. 

!!■ 
1-3 1 

' Isocholesterol 

- QaH^OH. 

Ceryl „ - 

• CagHjj.OH. 

j Phytosterol - 

- Cj(,U u OH. 

Myricyl „ • 

„ Psyllostearyl „ - 

■ CggHgj.OH. 

* C»H ff .OH. 

\ Sitosterol 

- OnH^OH: 


Liquid Waxes 

Sperm Oil, from the Blubber and head cavities of the sperm whale, consists 
of combinations of unknown alcohols with fatty acids. Cooled to low temperatures 
the oil deposits spermaceti (which see). The oil is a valuable lubricant, especially 
for rapidly running machines; since it does not become gummy or rancid it can be 
used for delicate machinery such as watches. It retains its viscosity at high 
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temperatures. Sperm oil is used for lubricating, illuminating, dressing leather, and 
tempering steel.—Sp. gr. (15° C.), 0.880-0.883; sap. val. 123-133; iod. val. 81-84; 
Reichert-Meissl val. 0.60; fatty acids, 60-64 P er cent.; alcohols, 37-41 per cent.; 
Maumen6 test, 45 # -5i P C. If adulteration with fatty acids has taken place glycerol 
will be found present. The percentage of glycerol multiplied by 10 will give the 
percentage of fatty oil. 

Doegling or Bottlenose Oil is a fluid very similar to sperm oil, with almost 
identical constants; it can be distinguished from sperm oil by its taste. It has a 
lower price than the former oil on account of a slight tendency to “gum.” 

Solid Animal Waxes 

Spermaceti, the white crystalline wax which separates from chilled sperm oil, 
consists principally of cetin (cetyl palmitate), C 15 H ai . The substance 

is a good candle material.—Sp. gr. 0.90 0.96 (15 0 C), 0.80-1.81 (ioo # G); sol. pt. 
and M.P. 44 0 C.; sap. val. 125-134; iod. val. 3.8; alcohols, 51.4 per cent.; fatty 
acids, 53 per cent. 

Beeswax* is obtained from the honeycomb of bees by melting, straining from 
impurities, and running into moulds. Sometimes the wax is expressed. It may 
be bleached by exposure to sunlight, or by an oxidising agent such as nitric acid, 
chromic acid, or hydrogen peroxide. The ordinary yellow wax smells of honey, the 
bleached is white, inodorous, and tasteless, consisting mainly of myricyl palmitate, 
CgoHejO.CjgHgiO, and cerotic acid, C 26 H 52 0 2 .—Sp. gr. 0.962-0.975 at 15 0 G, 
0.81-0.83 at IOO ° C.; sol. pt. 6o°; M.P. 63° C.; acid val. 20; sap. val. 90; iod. 
val. 8-11; refract, index, 43°-45° (butyro-refractometer); fatty acids, 47 percent.; 
unsaponifiable matter, 55 per cent.; Reichert-Meissl val. 0.3-0.5. 

Insect Wax, Chinese Wax is obtained from an insect, Coccus ceriferus , 
Fabr., or Coccus pela, , Westwood, which deposits the wax on certain trees. A 
hard, yellowish-white solid consisting mainly of ceryl cerotate, C 2 eH 5 iCXCO.C 

25 ^ 61 * 

This body is used as a furniture and leather polish, for sizing paper and cotton goods, 
and as a candle material.—Sp. gr. 0.92-97 at 15% 0.81 at ioo° C.; M.P. 8 i°- 83 # C.; 
sap. val. 80-93; iod. val. 1.4; fatty acids, 51 per cent.; alcohols, 49 per cent. 

Wool Wax, Wool Grease is the natural grease encrusting sheep’s wool fibre. 
Before spinning, this grease is removed, sometimes by extracting with volatile 
solvents, but more usually by washing with soap and sodium carbonate solutions, 
with which the oil forms an emulsion ; on adding sulphuric acid to this the grease 
separates. Since the process of wool washing gives rise to very large volumes of 
waste liquors containing much free and combined fat, complications ensue when 
these liquors are run off into sewers. In the case of Bradford ;£i 2,000 per annum 
is expended for sulphuric acid with which to separate the fatty matter from the 
sewage, t The recovered fatty acids are sold under the name Yorkshire grease 
or Wakefield grease at per ton, and 40 tons per week are recovered from the 
sewage. In large wool-washing works the suds are treated before running to waste, 
the grease being converted into lanolin, soap, and lubricating oil. In a works of 
moderate size 50 tons of grease are obtained monthly, and sold at £9 to £10 per ton. 

The crude grease thus obtained is purified by various patented processes, and 
brought into the market under the name “lanolin.” Owing to the ease with which 
wool wax is absorbed by the skin it forms the basis of many valuable ointments and 
cosmetics. The chemical composition of wool wax is not exactly known ; besides 
glycerides it contains stearic and palmitic ethers of cholesterol and isocholesterol, 


# A complete account of beeswax, its manufacture and properties, is given by T. W. Cowan, 
“ Wax Craft: All about Beeswax.” London, 1908. See also W. F. Reid, Joum . Sec. Art * 
(* 903 ), 522. 

+ /our. Chtm . Ind. (1909), 38, 14. 



Summary. —The following tables, taken from A. C. Wright’s “Analysis of Oils,” 
summarise the chief chemical and physical properties of the better known oils:— 


The Chemical Properties of 



Acid Value.* 

Saponification Value. 

Iiehner Value. 

Drying oils— 

Linseed oil - 





i-S 

187.196 

> 

94.8 

Hempseed oil 

Wood oil 





I 

0.7-10.7 

190-195 
(155-) 193-197 

96.O-96.6 

Candle-nut oil 





... 

184-192.6 

95 - 5 * 

Walnut oil * 





10 

I92-I97 

95-4 

Poppy-seed oil 





4-11 

189-198 

95*0 

Niger-seed oil 
Semi-drying oils— 





S-12 

189-192 

94.1 

Sunflower-seed oil - 





0.2-6 

190-193 

187-190 


Maize oil 





2.2-20 

88.2-93.6 

Pumpkin-seed oil - 





3 - 5-19 

18S- 19s 

96.2 

Sesam£ oil - 





0.2-8 

188-192 

95 - 6 - 95-8 

Cotton-seed oil 





0.4-2.2 

190.4-197 

94.2 

Rapeseed oil - 
Black mustard oil - 
White mustard oil - 





1.4-4.O 

5 * 7 * 7-4 

5-4 

(169.4-) 173-178 (-1S1) 
173-175 

170-171 

94 - 5 - 96.3 

96.0 

95.8 

Non-drying oils and solid fats— 



Earthnut oil • 





0 . 3*33 

185.6-196 

95-6 

| Almond oil - 





10 

188-195 

96.6 

Croton oil 





... 

210.3-215.6 

... 

Grapeseed oil 





16 

178-179 

... 

Castor oil 





0.4-0.8 

1 73*^3 

... 

Olive-kernel oil 





2.0-3.5 

182.3-188 

... 

Olive oil 

Ben oil - 





0.6-5.0 (-25) 

>85-195 

0.6 

Neat's foot oil 





0 0.7 

194-197.4 

95 - 3 - 95-5 

Lard 





... 

I 95 - 3 -I 96.6 

95.8-96.15 

Lard oil 





0.4 

193 

97-4 

I Mahwa butter (Bassia latifolia) 



4.8-70.8 

187-194 

94 - 7 , 95 -o 

Mowrah-seed oil ( Bassia longifolia) 


... 

188.4 


Palm oil 





... 

196-202 

... 

Bone fat 





... 

172-194 

86-94 

Tallow (beef) 





... 

193-198 

95-6 

Tallow (mutton) - 





... 

195 

95-5 

Tallow oil 





... 

197 


Cocoa (cacao) butter 





I.I- 4-5 

191.8-194.5 (-200) 

... 

Vegetable tallow - 





0.2-0.6 

198.5-203.6 

86.0-88.8 

Butter fat 





221-235 

Palm-kernel oil 






246-250 


Japan wax 




* | 

11-32 

(206-212-) 217-222 (-237.5) 

90.6 

Myrtle wax - 





3 

205.7-211.5 

IH 

Cocoa-nut oil 

Marine animal oils— 





10.0-35.2 

255*263 

82.3 

Menhaden oil 





0.2 

189-192 

... 

Sardine oil - 





2.2-21.7 

189.8-193.8 

94 - 5 - 97 -1 

Cod-liver oil - 





o. 3 * 3 i -9 

(171.) 175-188 

96.5 

Seal oil - 





0.8-43.1 

(178-) 189-193 

95.4-96.0 

Whale oil 





0.3-51.4 

184-200 (-224) 

Porpoise oil - 





0.8 

203.4-218-8 

... 

Dolphin oil - 
Liquid wazes— 

Sperm oil 





... 

197-290 

66 - 3-93 

. 




0.4 

(117-) 125-133 (-147) 

.M 

Arctic sperm (bottlcnose) oil 




SSI 

123-133 


Solid waxes— 






(108) 122.7-136 


Spermaceti - 
Beeswax 

. 




0.1-5 


- 




I 7 -S; 21 

87 . 5*99 


Gumaiiba wax 

- 




4*8 

79*95 


Wool wax 

• 




0.6-1.8 

83-102.4 

*- 


NOTES (see also the notes appended to the Table of Physical Properties, p. 59). 

* The acid values frequently vary greatly; in most cases the higher value given is not to be regarded as a superior limit, 
t The total volatile (soluble) acids may be calculated from the difference between the apparent and true acetyl values 
determined by Lewkowitscb*s method, given in the next column. This difference, multiplied by A, gives (very nearly) the 
Humber Of c.c. of decinortnal potash required to neutralise the volatile acids contained in 1 g. of the fat. 
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the Oils, Fats, and Waxes. 



Acetyl Value (Lewko* 


Insoluble Fatty Acids. 1 






Reichert-Meissl Value, t 

‘ 

1 

Iodine Value.! 

Saponification 

Value. 


Apparent. 

True. 

Iodine Value.! 

O (?) 

I2.5 

n.7 

(160-) 170-202 

182-199 

170-180 (?) 

... 


... 

(140-) 155-166 

(i68)-i89 

14 * (?) 

... 


98 

150-170 

(I44-) 150-160 

... 

... 

(136-140) 163.7 

... 

142.7-144 

O 

... 


143-148 


... 

0 

... 


(I20-) 128-137 


139 

o. 1-0.6 

... 

... 

126.6-134 

... 



##| 


118-132 (-136) 

20I.5 

124-134 

4 - 2 * 9-9 


... 

(II3-) 118-128.6 

200.0 

121-126.4 




113-130.7 


... 

o -35 


7.6 

IO4.8-IIO.4 

195-199 

109-112 


7.7 

(97.5-) 102.5-110 

201-208 

I02.4-I15 

o.o-o. 8 


(94-) 98-105 (-no) 

174-182 

98-105 

0 


... 

98.8-106 (-IIO.5) 


no 

0 


... 

92-96.7 


96 

0 



(82-) 92-105 

198 

96103.4 

o 


... 

93-102 


... 

12-14 

38.6-40.8 


101-104.7 

201 

1X1.2*111.8 

0.46 


94-96.2 

1S7 

98-99 

... 


146.9 

82.6-87 
81.8*87.8 

182-193 

86.6-94 

... 



7S-S5 (-88) 

196-200 

86-90 

... 



80-84 

67-72.9 

200.6-201.2 

(63.6-69.5) 74.5-75.8 




55-63 (-68*8) 

... 

59-0-63.5 

0 


... 

73 - 77*3 



0.4-0.9 (1.23) 


... 

(29.9?) 53.4-67.8 

206.0 

(31.6?) 




50.1 

... 


o -5 



50 - 53.5 

205-213 

53 



4.6 

46-56 (-62) 

201-206 

55-57 

o -5 

6.6 

| average, 41-46 j 

196-207 

bo ^ 

0.2-0.S (-1.6) 

2.8 

... 

71.0-75.7 

198 

54 . 6*57 

2.0 

32-37.0 (-41) 

39*1 

(u.2-) 24-33 (*40 



2 S- 3 S 

202-209.5 

30 - 3 - 39*5 



29-37 

212.5-217 

28-31 

5 



10-17 

258-265 

(3.6-) 12-13.6 

(4.7-6 per cent, of soluble 


... 

8.3-12.8 

211-216 

10.6 

acids) 





6.6-8.5 

... 


10.7 

8.2-9.6 

230 

8 - 4 - 9-3 

2.4 

... 


(148-) 175.6*183.1 


... 



... 

I 34 -I-I 9 L 7 

... 

... 

0.2 

Reichert value, 3.7*12. 5 

4*75 

*•*5 

(123-) 138.8-177 
(91-94-) 125-146 

204 

165-170 



(81-) 106*131 

... 

1 30 - 1 32 

22-24 



126.9 

... 

Reichert value, 5.6-66 

... 

... 

33*99 


1 

Reichert value, 1.3 

7 -i 

5*4 

78.7-84 

»•» 

Ml 

... 

6.7 

5*4 

80.4-82.1 

••• 

III 

... 

4.6 

2.6 

4 

••• 


... 

17*4 

15*2 

8.8-10.7 

... 

... 

... 

57-5 

55-2 

13.5 „ 

••• 

... » 

• ... 

32.6 

23-3 

(10-) 20*21 (-28) 

... 

... 


f Iodine value. Low results were obtained in the older determinations owing to the use of an insufficient excess of the reagent. 
r * s V, t * in »• case of the drying oils may also be due to the sample having undergone oxidation. Thus the lower figures given 
in the table represent values which may not now be expected., 
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Non-drying oils and solid fats {con/.) 




. ^0.924-0.927 . - { SZ-Z& 

Whalen.ii o. 9 2o-o. 9 2 7 . ... { 

Porpoise oil .... 0.926*0.927 -16 
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as well as the potassium salts of several fatty acids.—Sp. gr. 0.943 (17* C.), 0.90 at 
ioo° C. ; sol pt. 30°; M.P. 36°-42° C. ; refract, index (6o # C.) 1.465; sap. val. 80- 
100; iod. val. 20-29; fatty acids, 60 per cent.; alcohols, 43-50 per cent. Mixed 
fatty acids melt 41* C. ; iod. val. 17; mol. wt. 327. Mixed alcohols, M.P. 33* G; 
iod. val. 26-36; acetyl, val. 144; mol. wt. 239. 

Pure Lanolin is perfectly neutral, does not become rancid, and is very difficult 
to saponify; its capacity for absorbing water is most remarkable, taking up when 
kneaded no per cent, to form a cream; it similarly takesiup glycerin. The skin 
absorbs it in an extraordinary way, and thus it serves as an excellent basis for 
introducing effective remedies through the skin; for instance a lanolin corrosive 
sublime ointment containing but P er cent. °f corrosive sublimate produces a 
metallic taste upon the tongue within a few minutes of application to any part of the 
body! Lanolin consequently forms an excellent basis—either hydrated or combined 
with glycerin—for ointments, pomatums, and cosmetics. 

Distilled Grease 

Yorkshire grease from wool and soap suds is often too dirty and odoriferous 
to be used for anything except cart grease and rough lubricating materials for 
rollers, etc. To obtain a better product it is often distilled in cast-iron stills 
holding about 4 tons of grease, first for ten to sixteen hours over a free fire (to 
remove water), and then for twenty to twenty-four hours with superheated steam. 

“ Spirit Oil ” ( sometimes , not always) comes over first. Pale yellow oil, darkens 
on keeping, boils over at i5o°-32o° C. Used in making black varnish. 

First Distilled Grease is the second product coming over. It is often 
allowed to crystallise, and is then pressed for liquid oleic acid and solid 
“stearine” (M.P. 48°-57° C.). It is sometimes redistilled (“second distilled 
grease”). 

The next product to distil is the “ green oils,” sometimes used for coarse lubri¬ 
cating greases; more often mixed with another batch of material and redistilled. 

Pitch remains behind in the still. It is used as a lubricant for the necks of 
hot rollers. 

Wright gives the following numbers for the distillation of 100 parts Yorkshire grease:—Pitch, 
14 per cent.; green oil, 15.5 per cent.; first distilled grease, 45.5 per cent. ; spirit oil, 4 per cent.; 
water and loss, 21 per cent. Lewkowitsch finds in distilled grease 55 per cent, free fatty acids ; 
7 per cent, combined fatty acids; 39 per cent unsaponifiable matters. 


Solid Vegetable Waxes. 

Carnaiiba Wax is exuded by the leaves of the Brazilian wax palm, Cotypta 
cerifera , and consists principally of myricyl cerotate. Used in candle manufacture, 
polishing pastes (wax varnishes), and in making phonograph cylinders.—M.P. 
84° C.; acid val. 4-8 ; sap. val. 79-95; iod. val. 13. True acetyl, val. 55; sp. gr. 
(15° G), 0.99-1.0, 0.84 at ioo*. 

Other vegetable waxes are flax wax, gondang wax, pisum wax, opium wax, palm 
wax, ocuba wax, cotton-seed wax. 

The authors desire to thank Mr W. H. Stephens, A.R.GS., for reading through 
the above MS. and for several valuable suggestions and corrections. 
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IV.— METHODS OF EXAMINATION OF FATTY OILS 


Bv C. Ainsworth Mitchell, B.A., F.I.C. 

LITERATURE 

See under Animal and Vegetable Fatty Oils. 

Methods of Examination. —Only in exceptional cases (such as sesame oil 
and cotton-seed oil, which contain characteristic compounds) is it possible to 
directly identify a given fatty oil by means of a reagent, and it is therefore necessary 
to apply physical and chemical tests, which will locate the oil in successively 
narrowing groups and finally to apply similar tests of identity. 

The methods employed include a determination of the so-called “ constants * 
or values of the sample, such as the specific gravity, solidification and melting 
points, optical properties, amount of iodine absorbed (iodine value), amount of 
alkali required for saponification (saponification value), amount of volatile and 
insoluble fatty acids present in the oil (Reichert and Hehner values), etc. 

The difficulty of the task is often increased by the fact that oils and fats of the 
same kind show considerable variations in their constants—so much so that an oil— 
e.g., olive oil—may contain a considerable proportion of an adulterant such as maize 
oil, and still show values falling within the higher limits recorded for the pure 
natural oil. This will be seen more clearly in the following details concerning the 
“values.” 

Specific Gravity. —This is usually determined at a temperature of 15.5 0 C. in 
the case of oils and at ioo # C. in the case of solid fats, water at 15.5° C. being 
taken as unity. Tables of Specific Gravities are given, pp. 56-59. 

The following table, based on a system first proposed by Allen, illustrates the 
assistance given by the specific gravity in the classification of oil. 


Oils. 


Sp. gr. 0.913-0.920 
05 - 5 “ C.). 

Sp. gr. 0.920-0.925 

ds” c.). 

Sp. gr. 0.925.0.935 

Sp. gr. 0.935-0.960 
05 - 5 ° C.) 

Almond oil. 
Colza ,, 

Arachis ,, 

Olive „ 

Cotton-seed oil. 
Maize „ 

Sesam£ ,, 

Cod- 

Linseed oil. 
Whale „* 

Liver oil. 

Tung oil. 
Castor ,, 

Croton „ 


Fats and Waxes. 


Sp. gr. 0.800 a 855 
(ioo® C.). 

Sp. gr. 0.855 0.863 
( 103 ° C.). 

Sp. gr. 0.863-0.867 
(100® C.). 

Spermaceti. 

Bee wax. 

Palm oil. 

Cacao butter. 

Tallow. 

Lard. 

Cocoa-nut oil. 

Japan wax. 

Butter fat. 
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Refractive Index. —Oils frequently show pronounced differences in their 
refractive index—so much so that this value when determined by means of a 
refractometer at a definite temperature may afford decisive proof of adulteration. 
Thus in the case of butter* fat Wollny obtained readings varying from 1.4560- 
1.4620, while margarine gave readings of 1.4650-1.4700, and mixtures of butter 
and margarine readings of 1.4620-1.4690. 

A special instrument termed a “ butyro-refractometer,” in which the readings are 
given in degrees on a scale, is widely employed for this purpose, and is particularly 
useful as a sorting test. As is evident, however, from the examples quoted above, 
a mixture of butter with a small percentage of margarine may give refractometer 
readings falling within the limits of those of genuine butter. (See Tables , pp. 56-59.) 


Melting and Solidification Points.— The temperatures at which fats or 
oils melt or solidify also afford means of identifying different samples. For instance, 
almond oil does not solidify until chilled to - 20° C., whereas olive oil solidifies 
at about 2°*4° C. These differences largely depend upon the nature of the fatty 
acids in the glycerides. Thus olive oil contains a large proportion of the glycerides 
of solid fatty acids, whilst in almond oil such glycerides are only present in traces, 
the oil consists chiefly of glycerides of liquid fatty acids. (See Tables , pp. 56-59.) 

The melting points of the separated fatty acids may also afford valuable 
information. The following are a few solidifying points of fatty acids obtained 
from various oils and fats (the numbers represent Centigrade degrees):— 


Beef tallow, 38-46. 
Mutton tallow, 41-48. 
Lard, 34*42. 

Horse fat, 33.7. 

Neat’s foot oil, 26.5. 
Palm oil, 36-45. 
Cocoa-nut oil, 20-25. 
Palm-nut oil, 20-25. 
Japan wax, 59. 
Vegetable tallow, 45-53. 
Linseed oil, 13-17. 


Tung oil, 37. 

Hemp oil n 14-16. 
Poppy-seed, 16.5 
Cotton-seed, 32-36. 
Rape, 12-18. 

Olive, 17-26. 

Arachis, 23-29. 

Cod liver, 18-24. 
Whale, 24. 

Japanese sardine, 28. 


The Acid Value. —This is a measure of the quantity of potassium hydroxide 
required to neutralise the free fatty acids in an oil. Gradual decomposition of the 
glycerides into their components glycerol and free fatty acids takes place when a 
fat is exposed to the action of light and air, with the result that the acid value 
steadily rises. This value may therefore be a test of the freshness of an oil. Old 
and rancid fats sometimes have very high acid values. (See Table , p. 54.) 


Saponification Value. —The oil is boiled with a measured excess of alkali 
in suitable solution, and the amount (expressed in milligrammes of potassium 
hydroxide) required to effect complete decomposition of one gramme of the fat 
into soap and glycerol or other alcohol is termed the saponification value. 

As the fatty acids possess different molecular weights, the proportion of alkali 
required to neutralise them will also vary, and the oils containing them will have 
different saponification values. (See Tables, pp. 54, 55.) 

By way of example, the following saponification values may be quoted * 


Castor oil, 176-183. 
Cod-liver oil, 182-187. 
Cotton-seed oil, 192-193. 
Olive oil, 190-195. 
Linseed oil, 190-195. 
Almond oil, 190-192. 
Lard, 195-196. 

Butter fat, 225-230. 


Cocoa-nut oil, 255-260. 
Beesw2v, 90. 

Paraffin wax, o. 

Wool wax, 102. 

Insect wax, 90. 
Spermaceti, 123-134. 
Sperm oils, 123-136. 
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Hence, if a sample of lard showed a saponification value of, say, 200, the presence 
of cocoa-nut oil would be suggested and further tests for that fat would be applied. 

Note.—( 1) Waxes, both liquid and solid, are characterised by such low saponification values 
that they are easily distinguished by this means from oils. 

(2) The majority of oils and fats have saponification values about 193. Higher or lower values 
than this may suggest the presence of special oils. 

(3) Mineral oils have a zero saponification value, and consequently their presence lowers the 
saponification value of a fatty oil. 

Iodine Value. —The liquid fatty acids, which form the principal constituent of 
the glycerides in fluid oils, are unsaturated compounds, and will combine with 
bromine or iodine (in suitable form) to form saturated bodies. The percentage of 
iodine absorbed in this test is termed the iodine value, and is a most valuable 
means of identifying different groups of oil. 

One class of oils, typified by almond and olive oils, consists largely of oleic acid 
(which absorbs approximately 90 percent, of iodine). These have iodine values of 
about 80-95, anc * are known as non-drying oils. 

Another group contains oils in which linoiic acid (absorbing about 181 per cent, 
of iodine) is an important constituent. Cotton-seed oil (iodine value, about 108), 
sesam£ oil (iodine value, no), and maize oil (iodine value 120) are examples of 
these oils, which are termed semi-drying oils. ** 

A third impoitant group contains the drying oils, in which the glyceride of 
linolenic acid (iodine value, 274) is usually an important constituent. They naturally 
have high iodine values, eg., linseed oil, 195 ; nut oil, 142. 

Marine animal oils also have high iodine values, due to the presence of highly 
unsaturated fatty acids, but they may be distinguished from drying oils by their 
non-drying properties, and by other tests. 

Solid fats have iodine values which are greater in proportion to the amount of 
unsaturated fatty acids they contain. Lard, for instance, usually has an iodine 
value of 50-60, so that a high iodine value (< eg., 70) points to the lard having been 
stiffened with beef fat, and then rendered sufficiently fluid again by the addition 
of a vegetable oil, such as maize or cotton-seed oils. 

Certain kinds of American lard, however, normally have high iodine value 
(up to 66), and it is therefore necessary to confirm the presence of a vegetable 
oil in lard by other tests (see p. 66). 


Iodine Values of Common Oils, Fats, and Waxes (see p. 55) 


Oleic acid, 90. 

'Fallow, 35-46. 

Butter, 36-48. 

Lard, 50 65. 

Mutton fat oil, 32-57. 

Oleo margarine, 53-88. 

Olive oil, 79-93. 

Sesam6 oil, 103-112. 

Rape oil, 94-108. 

Cotton seed oil, 105. 

Castor oil, 83-86. 

Arachis oil, 90-103. 

Palm oil, 51-57. 

Cocoa-nut oil, 8-9. 

Palm-kernel oil, 10-17. 

Croton oil, 101-109. 

Linseed oil, 179-200. 

Tung oil, 149-167. 

Notes.—( 1) Linseed oil has a high iodine 
that value. 


Sunflower oil, 118-136. 
Hemp-seed oil, 140-166. 
Poppy-seed oil, 137-143. 

Walnut oil, 143-148. 

Seal oil, 127-146. 

Whale oil, 121-146. 

Cod-liver oil, 154-181. 

Shark liver, t 15. 

Menhaden oil, 175-183. 

Sardine oil, 161-193. 

Porpoise oil, 131. 

Sperm oil, 81-84. 

Arctic sperm oil, 67-82. 

Insect wax, 1.4. 

Beeswax, 10. 

Spermaceti, 4. 

Wool wax, 17. 

Carnaiiba wax, 13. 

and adulteration with foreign oils lowers 
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(2) The addition to walnut or poppy-seed oil of 5-10 per cent, of rape or cotton-seed oils and 
20 per cent, linseed has an influence on the iodine value. 

(3) The adulteration of olive oil with only 5 per cent, of a drying oil and 15 per cent, of cotton 
seed, sesaml, rape, or arachis oil may be suggested by the iodine value. 

(4) Fish oils nave very high iodine values, and their presence is thus indicated in oils with low 
iodine values but not in drying oils. 

(5) If I denotes the iodine value of a mixture of two fats whose iodine values are m and n 

respectively, then, percentage of fat m = ~ n \ 

vi - n 

Hehner Value. —This test devised by Hehner indicates the percentage of 
insoluble fatty acids which can be separated from an oil or fat. It is usually 
about 93-96, but in the case of fats (such as butter, cocoa-nut oil, and palm oil) 
which contain a high proportion of volatile and soluble fatty acids it is much 
lower. Thus butter usually has a Hehner value ranging from 85-88, and cocoa-nut 
oil a value of 88-90. 

We give a few numbers; for others see Table, p. 54 :— 

100 g. cow's butter fat contain 86-89 g. insoluble fatty acids. 



tallow 

»» 

96 

f f 

ff 


lard 


96 

*5 

55 


olive oil 

r 

95 

15 

)f 


poppy seed 

’> 

95 

55 

f» 


palm oil 

n 

96 

55 

ff 


palm kernel 

if 

9i 

55 

»f 


cocoa-nut oil 

»» 

89 

55 

ff 

ft 

dolphin jaw oil 


66 

If 

ff 

n 

porpoise jaw oil 

55 

70 

5* 

ff 


Reichert Value. —This is a measure of the amount of alkali expressed in 
c.c. of decinormal solution, required to neutralise the proportion of volatile soluble 
fatty acids liberated and distilled under the constant conditions laid down by 
Reichert. A modification of the method devised by Meissl is more commonly 
employed, the value being termed the Reichert-Meissl value, and relating to 5 g. 
instead of 2.5 g. of the fat. The following are a few typical Reichert-Meissl values 
(for others see Table , p. 56) 


Butter fat, 28 c.c. (24-33). 
Beef tallow, 0.5 c.c. 

Olive oil, 0.6 c.c. 

Sesam^ oil, 0.7 c.c. 

Rape oil, 1.0 c.c. 

Palm oil, 1.0 c.c. 
Palm-kernel oil, 5 c.c 


Cocoa-nut oil, 7-8 c.c. 

Maize oil, o.3-4.4 c.c. (Reichert). 
Croton oil. 13 c.c. 

Dolphin oil, 11 c.c. 

Dolphin jaw oil, 130 c.c. 
Porpoise body oil, 46 c.c. 
Porpoise jaw oil, 100-139 c.c. 


Most of the solid animal body fats have only trifling Reichert-Meissl values, but 
in butter fats the proportion of volatile fatty acids is high, and correspondingly high 
values are obtained in the test. 

# Thus in the case of cow's butter the value normally ranges from about 24 to 
about 33. Hence when a sample of butter shows a Reichert value of, say, 20, the 
addition of an adulterant is probable. In the case of certain kinds of Dutch cows, 
however, the butter fats sometimes give a value as low as 17, this being attributed 
to leaving the herds in the fields too late in the season. 

Most vegetable oils and fats have a Reichert-Meissl value of less than 2, but 
cocoa-nut oil has a value of 7-8, and palm-kernel oil a value of about 4. A 
considerable amount of these fats may, therefore, be added to butter without render¬ 
ing the Reichert value suspiciously low. 

Of late several methods of detecting these fats in butter have been based upon a 
separation of the fatty acids intermediate between the quite insoluble acids and 
those readily volatile. Cocoa-nut oil and palm-kernel oil are particularly rich in 
these acids, and therefore show an M extended ” Reichert value, which is not given 
by butter. (See also pp. 75, 87.) 
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Maiimend Test. —Weigh 50 g. of oil into a 200 c.c. tall beaker packed with cotton wool into 
a litre beaker; run in slowly (take sixty seconds) from a burette 10 c.c. of concentrated sulphuric 
acid, stirring continually with a thermometer; the highest temperature attained is the required value. 


Olive oil, 42° C. 
Almond oil, 52 °- 54 ° C. 
Rape oil, 57°-6o° C. 
Arachis oil, 45°-75° C. 
Sesaml oil, 68° C. 
Cotton seed, 75 *- 90 ° G. 
Poppy seed, 88° C. 
Walnut, ioi° C. 

Hemp seed, 98° C. 
Linseed, I03°-I45° C. 
Castor, 47° C. 


Tallow oil, 41 *-44° C. 
Neat’s foot, 48° C. 

Cod liver, I02°-I03° C. 
Skate liver, 102° C. 
Menhaden, 126° C. 

Seal, 93 0 C. 

Whale, 92° C. 

Porpoise (body), 51* C. 
Sperm, 51 0 C. 

Arctic sperm, 41 *-47* C. 


Drying oils have a high Maumenl value; so also have fish oils. Non-drying oils have a Ion 
value. 


El&idin Test.—Useful for detecting drying oils mixed with non-drying, and vice versd. Measure 
50 c.c. of oil into a wide-mouthed stoppered bottle of 100 c.c. capacity ; add 2 c.c. of cold, freshly- 
made mercury nitrate (prepared by dissolving 13 g. mercury in 12 c.c. concentrated nitric acid, 
keeping cold in cold water to retain nitrous fumes), shake well; place in air oven at 25* C. for 
twenty-four hours, agitating from time to time; simultaneously perform a comparison experiment 
with a standard sample of oil, and compare results. Note length of time of solidification and 
consistency of mass after twenty-four hours. 

Drying Oils (linseed, hemp seed, walnut, poppy, etc.) remain fluid. 

Semi-drying Oils (rape, neat’s foot, sperm, cotton seed, etc.) yield after twenty-four hours a 
thick mass of treacle-like consistency. 

Non-drying Oils (olive, sperm, tallow, etc.) turn into a solid mass. 

The following examples show the use of these constants in analytical work. 

1. A sample of oil sold as olive oil had the following characteristics: Sp. gr. 0.924; acid 
value, 4; saponification value, 190; iodine value, 105; refractometer reading, 67 ; melting point 
of fatty acids, 24 0 C. 

The iodine value at once indicated that this was not pure olive oil, and the other values agreed 
with those of pure sesame oil. This was confirmed by a special colour reaction for that oil, and by 
the fact that it slowly dried on exposure in a thin film to the air. 

2 . A solid fat sold as lard gave the following results: Iodine value, 72 ; and Reichert-Meissl 
value, 2.5. The high iodine value suggested the presence of a vegetable oil, and this was found by 
special colour reactions ta be cotton-seed oil. The Reichert-Meissl value indicated the presence of 
cocoa-nut oil, and this was confirmed by other tests. 


Differentiation of Fish Oils from Drying Oils. —Oils such as cod-liver 
oil (and marine animal oil, whale, etc.) may be distinguished from linseed and 
other drying oils by drying tests, and by the fact that on treatment with bromine 
they yield an insoluble white compound, which turns black when heated. 

The corresponding compound from linseed oil treated in the same way melts 
to form a colourless liquid. The following list gives the percentage yield of 
insoluble bromides from certain typical oils: *— 


Linseed, 24 38. 
Tung oil, nil. 
Candle-nut oil, 8. 
Walnut oil, 1.4-1.9. 
Poppy-seed oil, nil 
Maize oil, nil. 
Cotton-seed oil, nil 
Brazil-nut oil, nil. 
Olive oil, nil. 


Almond oil, nil . 

Fish oil (deodorised), 50. 
Cod-liver oil, 30-43. 
Japan fish oil, 22. 

Shark liver, 20. 

Seal oil, 28. 

Whale oil, 15 26. 

Sperm oil, 2.4-3.7. 


Mineral Oils in Fatty Oils.— In order to detect mineral oils, paraffin wax, and other unsap- 
onifiable matters in fats, we proceed thus: Saponify with alcoholic potash, evaporate to dryness on 


* This test was originated by C. A. Mitchell. Lewkowitsch and others invariably describe 
these insoluble bromides as “ hexabromides.” They are the bromides of mixed glycerides and 
certainly not hexabromides. 
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Fig. 20. —Soxhlet 
Fat Extraction 
Apparatus. 


the water bath, extract the unsaponifiablc matter with petroleum spirit or ether, 
evaporate the solvent, and the residue represents the amount of unsaponifiablc 
matter. The saponification is effected thus: Weigh out io g. fat into a porce¬ 
lain basin, add 50 c.c. of S per cent, alcoholic potash solution, boil on water 
bath until soap begins to froth, then add 15 c.c. alcohol and boil until the soap 
is dissolved. Stir into the mass 5 g. sod. bicarbonate and 50-60 g. recently 
ignited pure white sand ; dry twenty minutes in water oven, transfer to a Soxhlet 
apparatus, extract with petroleum spirit (B. l\ below 8o° C.), distil off petroleum 
. pirit and weigh residue. Waxes require prolonged boiling for complete saponi¬ 
fication, but are more easily saponified if boiled with a freshly-made solution of 
sodium (5 g.) in absolute alcohol (too c.c.). The Soxhlet apparatus used for 
extraction is show r n in the figure. The substance to be extracted is placed in 
the tube a , which is closed at/. In b petroleum spirit is placed and heated to 
boiling point. The vapour rises through c into the condenser / and, descending 
.n the form of drops, gradually fills a with liquid to the level of the bend in the 
.ube e ; when this happens, the liquid syphons over into the flask b, bearing with 
it the extracted matter. Then the process begins anew, a continual stream of 
solvent flowing thiough a until all the extractible matter is removed from the 
substance. The fluid in b is then distilled, and the extracted matter remaining 
behind is dried at 100 1 and weighed. 

To Distinguish Between Animal and Vegetable Oils and Fats 

Animal Oils and fats contain the alcohol cholesterol, C 27 H 46 0 . Vege¬ 
table fats contain a similar alcohol called phytosterol, C^II^O. This tact 
allows us to distinguish between animal and vegetable fats. If the fat contains 
both cholesterol and phytosterol it is a mixture of animal and vegetable fats. 
The method of examination is as follows : Saponify a cousideiahle quantity of fat 
hv alcoholic potash ; the cholesterol or phytosterol remains in the unsaponifiable 
matter. If the body is a wax, saponify w ith sodium dissolved in absolute alcohol. 

1. Dissolve the unsaponifiablc matter in ether, filter if necessary, e\aporate 
off the ether, redissohe in absolute alcohol, and allow to crystallise on a watch 
glass ; examine crxst.ds under the microscope. Crystals of cholesterol have a 
different shape from those of phytosterol. 

2. Heat crystals obtained in I with 2-3 c.c. of acetic anhydride in a small 
dish covered with a watch glass ; evaporate oft the acetic anhydiide on the water 
bath and crystallise twice fioin alcohol. Take melting point in the usual way 

Cholesteryl acetate melts 114 -115 0 ; Phytosteryl acetate melts 125 
137 0 C. Hence they are easily distinguished. 

If both cholesteryl and phytosteryl acetates are present fractionally crystallise * 
the mixture several times from alcohol and thus separate the crystals into high 
melting and low melting portions, and examine these separately. 



6 ; 


V.—MILK, BUTTER, AND CHEESE INDUSTRY 

By Wm. Goodwin, Ph.D., M.Sc. 

Principal of the Midland Agricultural and Dairy College, Kingston , Derby ; Formerly Professor 
of Agricultural Chemistry at the Wye Agricultural College 

LITERATURE 

J. Oliver.—“M ilk, Butter, and Cheese.” London. 

BARTHBL ( Translated by W. Goodwin).—“ Milk and Dairy Products.” London, 1910. 

W. Kirchnur.—“ Milch wirtschaft.” Fifth Edition in 1907. Berlin. 

G. S. Thomson.—“M ilk and Cream Testing.” London, 1911. 

„ ,, “The Dairying Industry.” 

II. Ssvithinbank and G. Newman. —“ Bacteriology of Milk.” London, 1903. 

II. Snyder.—“D airy Chemistry.” New York, 1906. 

II. W. Conn.—“B acteria in Milk and its Products.” Philadelphia, 1903. 

Airman—Sheldon—Golding.—“M ilk.” Third Edition. London, 1909. 

* Van Slyke.—“ Modern Methods of Testing Milk and Milk Products.” New York, 1906. 
Russel-Hastings.—“ Dairy Bacteriology.” Ninth Edition. Madison, 1910. 

R. Lic/.K.—“ Industries du Lait. ” Paris, 1904. 

Fleischmann—Airman—Wright.—“T he Book of the Dairy.” London, 1896. 

II. Rievel.—“ Milchkunde.” Second Edition. Hannover, 1910. 

Various Authors.—“ Milk and its Relation to Public Health.” Washington, Government 
Printing Office, 1909. 

A. Larbaletrier.—“ Beurre et Margarine.” Paris, 1899. 

Decker-Woll.—“C heese Making.” Fifth Edition. Madison, Wis., 1909. 

Van Slyke—Publow.—“C heese Making.” New York, 1909. 

R. Scherer.—“C asein.” London, 1906. 

G. IIerschel.—“S oured Milk.” London, 1909. 

L. M. Douglas.—“ The Bacillus of a Long Life.” London, 1911. 

W. Hknneberg.—“ Milchs'aure Bakterien.” Berlin, 1903. 

H. WRIGMANN.—“ Mykologie der Milch.” Leipzig, 1911 
W. Grimmer.—“C hemie und Physiologic der Milch.” 1910. 

MILK 

The average composition of cow’s milk may be taken to be: Water, 87.60; 
protein, 3.50; fat, 3.40; milk sugar, 4.60 ; mineral matter or ash, 0.75. 

In addition to the above, milk contains small quantities of other substances. 
Some of these, such as lecithin and nuclein, have an important physiological value, 
whilst others like urea, cholesterine, hypoxanthine are unimportant. 

Milk being a liquid designed for the nutrition of the young contains those 
materials needed for the development and growth of the organism in its early stages. 
The proportions in which the various constituents are present in human milk and 
in the milk of different animals varies somewhat widely, as will be seen from the 
following table:— 



Woman 

Cow. 

Goat. 

Sheep. 

Horse. 

Ass. 

Water. 

Fat. 

Protein. 

Milk sugar - • 

Salts. 

88.32 

3-43 

i -55 

6.44 

0.26 

87.75 

3.40 

3.50 

4.60 

0.75 

86.34 

4.25 
4.40 

4.26 
o .75 

81.08 

7.67 

6.08 

4.26 

0.91 

90.38 

1.00 
1.98 

6.28 
0.36 

90.35 

1.30 

1.80 

6.20 

0.35 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Specific gravity ... 

1.032 

1-0315 

1.033 

1.038 

1.034 

1033 


6 
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Comparison of the composition of human milk and other milks will show that 
considerable differences exist. For the feeding of infants this point is worth 
attention. 

Confining all further remarks to the milk of the cow, it may be said that fresh 
milk is homogeneous with a bluish yellow colour. The colour varies according to 
the breed of the cow, Channel Island cattle giving a milk which has a much deeper 
yellow tint than the milk of other breeds. 

Milk has a pleasant, sweetish taste and a characteristic animal smell, but this 
should not be markedly noticeable. The smell, in fact, may be absent if the milk 
has been obtained under conditions of extreme care and cleanliness. 

When tested with litmus paper milk shows a distinct amphoteric reaction, 
that is, it turns red litmus paper blue, and blue litmus paper red. The presence 
in the milk of various neutral and acid phosphates of potassium and calcium as 
well as carbonates of these two metals causes this reaction. To phenolphthalein milk 
is acid. 

The average specific gravity of milk may be taken to be 1.0315. The freezing 
point lies below that of pure water, viz. - 0.553° C., and the boiling point about 0.2* 
C. higher than water. 

Milk when left to stand throws up a layer of cream owing to the rise of the 
specifically lighter fat globules. In the milk of some breeds of cattle the fat globules 
are considerably larger than the average, and so rise more quickly. According to 
Gutzeit the average diameter of the globules in the milk of the shorthorn is 2.76 /*, 
whilst in the Jersey it is 3.5 /*. 

As regards the number of fat globules in a cubic millimetre of milk varying results have been 
obtained—average figures are difficult to give, but probably three to five millions is not far wrong. 

It has been held by some authorities that the globules of fat are surrounded by some membrane 
which keeps them apart. This membrane is variously stated to be composed of fibrin, globulin, or 
casein, whilst Storch isolated from cream, that had been repeatedly washed with water, a material 
containing 14.77 P er cent - of nitrogen which he considered came from the “mucoid membrane” 
surrounding the fat globules. 

The ordinary laws of surface tension seem, however, to satisfactorily explain how the globules 
are kept apart, and at the present time this js the prevalent view. The work of Morres* gives 
strong support to this view. 

Considering in detail the constituents of the dry matter, or total solids of milk, 
the first important class is that of the proteins. There are three of these—casein, 
albumin, and globulin, and the first represents about 85 per cent of the total 
protein of milk. The albumin and the globulin make up the remaining 15 per 
cent., the latter only being present in very small quantities. 

Casein is an interesting chemical substance of great economic value; in fresh 
milk it is in suspension in a finely divided colloidal state. It cannot be separated 
by filter paper, but filtration through an unglazed earthenware filter leaves the 
casein (and fat) as a porcelain-like mass on the sides of the filter. This shows that 
the casein is not dissolved in milk, but is suspended. 

The casein from cow’s milk is very similar to, although perhaps not identical 
with, the casein of the milk of other animals. 

What is ordinarily called the casein of milk appears to be a compound of casein 
(which may be regarded as an acid having a basicity of four or six) with lime. The 
compounds of casein with the alkalies give solutions which are almost clear, with, 
at the most, a faint opalescence. 

Up to the present three compounds of lime and casein have been described, 
the monocalcium with 0.87 per cent. CaO, the dicalcium with 1.55 per cent. CaO, 
and the tricalcium with 2.46 per cent CaO. The existence of the mono* and 
tricalcium caseinates has been questioned. 

Casein is a nucleo-albumin which is distinguished from others of its class by 


Milchwirtschaft Zentralblatt , 1909, p. 502. 
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the amount of phosphorus which it contains, and by the effect which rennet has 
upon it. 

The elementary composition of the casein of cow's milk can be seen from the 
following analyses:— 



Ilammarsten. 

Tangl. 

Burow. 

Ellenberger. 

Duclaux. 

c 

52.96 

52.69 

52.825 

53-07 

53.00 

II 

7.05 

6.81 

7.095 

7.13 

7.00 

0 


23.141 

22.906 

22.60 

22.65 

N ... 

15-65 

*5-65 

15.640 

15.64 

15.70 

P 

0.847 

0.877 

0.808 

0.80 

0.85 

s ... 

0-758 

0.832 

0.725 

0.76 

0.80 


When milk is acted upon by an acid, or when it sours spontaneously, the 
casein lime compounds are split up and free casein is precipitated in the form of 
curd. It appears as though the casein combines with stronger acids, in other 
words, behaves like a weak base. Van Slyke and Hart describe a casein lactate 
which they found in sour milk, and similar acid casein compounds are said to arise 
by the action of organic or mineral acids. More recent work, however, throws 
doubt upon some of these acid casein compounds. The curdling of milk by rennet 
may be regarded as taking place in two stages. First the enzyme of rennet splits 
up the lime casein compounds into paracasein and whey albumin, and coagulation 
then follows if lime salts are present. The paracasein forms the curd, the whey 
albumin remains in the whey. 

There is thus*a fundamental difference between the curd obtained when the 
milk is coagulated by rennet, and when this takes place under the influence of acids. 

The Albumin of milk was prepared by Sebelien in a pure state from whey 
by saturation with magnesium sulphate. It is very similar to blood serum, but has 
a less specific rotation— a D -= -37 0 as compared with a D = -57° to -64° for blood 
serum. 

Albumin is soluble in cold water, and coagulates at a temperature of 7o*~72 # C. 

In Colostrum, the milk which is given immediately after calving and for several 
days following, a large percentage of the protein is albumin. Immediately after the 
birth of the calf the colostrum may contain as much as 16 per cent, of albumin, 
and this quantity diminishes until after about seventy-two hours the milk again 
reaches its normal composition. This is shown in a series of analyses by Eugling. 


• 

Number of Hours after Calving. j 

Ordinary 

Milk. 

Immedi¬ 
ately After. 

xo 

Hours. 

24 

Hours. 

48 

Hours. 


Water. 

Casein ... 

Albumin .... 1 

Globulin.i 

Fat. 

Milk sugar .... 
Ash. 

73- 1 7 
2.65 

16.56 

3-54 
3-oo 
z.18 

78.77 

4.28 

9-32 

4.66 

1.42 

i -55 

80.63 

4 - 5 ° 

6.25 

4.75 

2.^5 

1.02 

1 

S5.81 

3 -25 
2.31 

4.21 

346 

0.96 

86.64 

3 - 33 
1.03 

4.08 

4.10 

0.82 

87-75 

300 

0.50 

3-40 

4.60 

0.75 


As already mentioned, only traces of globulin are present in milk. 

Fat .—Attention has already been directed to the characteristic globules in 
which the fat of milk is found. The fat itself is of a pale yellow colour, and is 
characterised chemically by the glycerides of lower fatty acids which it contains, 
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and physically by its undercooled state. Upon the chemical properties are based 
many of the methods used in the analysis of butter. The undercooled condition 
of the fat is seen when cream is made into butter, for then the solid fat is obtained. 
The melting point of butter fat lies between 31 0 and 36° C. and the sp. gr. is 0.93 
at 15 0 C., a fact which accounts for the rising of the fat globules when milk is left 
to stand. 

Milk Sugar is the only carbohydrate of importance in milk. See pp. 78 a } 78A 

Small quantities of other carbohydrates have from time to time been said to be present also, but 
their presence lacks confirmation. Milk sugar is a biose, it crystallises with 1 molecule water, and 
can easily be obtained from whey. Milk sugar is not as sweet as cane sugar, nor is it so soluble in 
water; 1 part dissolves in 6 parts cold water or 2 \ parts hot water. Milk sugar differs further from 
cane sugar in not being fermentable with ordinary yeast; it can, however, undergo alcoholic fermenta¬ 
tion when a yeast such as that found in “ Kcphir grains ” is used. 

Milk sugar reduces Fehling’s solution, o. I gr of the sugar being equivalent to 1.48 c.c. of Fehling’s 
solution. It is also optically active, and fresh solutions show mullirotation. See under Sugar. 

Lactic Acid Fermentation. —A very typical fermentation which milk sugar undergoes is the 
lactic acid fermentation. This is brought about by the specific lactic acid bactei ia. When the percent¬ 
age of lactic acid reaches a certain point, i.e. t 0.75-0.8 per cent., the development of the bacteria 
ceases. Before this point is reached the casein is coagulated and the milk, in ordinary language, 
is sour. 

The Mineral Matter or Ash contains the salts left after ignition of the milk. 
As the process of ignition has caused the original milk salts to undergo changes it 
is difficult to say exactly in what form the salts were originally present in the milk. 
A comparison of the analysis of the ash of milk (by Schrodt and Hansen) and 
Soldner’s arrangement of the salts of milk in the form in which he judges them to 


be present, will show the main characteristics. 

Ash of Milk (Schrodt and Hansen). 


K 2 0 • - 25.42 

*e s 0. 

. 

O.II 

Na 2 0 - - 10.94 

S 0 8 

* 

4.11 

CaO • - 21.45 

PA - 

- 

24.11 

MgO • • 2.54 

Cl 

- 

14.60 

Milk Salts (Soldner). 
Sodium chloride .... 

10.62 per cent. 

Potassium chloride 

. 

9.16 

1 * 

Monopotassium phosphate 

* 

12.77 

** 

Dipotassium phosphate 

- 

9.22 

It 

Potassium citrate 


5-47 

H 

Dimagnesium phosphate 

• 

3-71 

«• 

Magnesium citrate 

- 

*405 

*1 

Dicalcium phosphate - 

• 

7.42 

M 

Tricalcium phosphate - 

• • 

8.90 

• « 

Calcium citrate 

• • 

* 3-55 

It 

Lime combined with the casein 

- 

5 -i 3 

II 


The presence of citric acid in milk was proved by Henkel, the quantity being about 0.10-0.15 
per cent. The sulphuric acid in the ash comes from the sulphur of the casein and other proteins. 

Analysis of Milk.—In the sample to be analysed, the fat globules must be evenly distributed 
through the liquid by vigorous mixing. If the cream has already separated the mixing may be 
brought about by warming to 40* C. and vigorous shaking. 

The thoroughly mixed sample, kept sweet if necessary by the addition of a little formalin 01 
powdered bichromate, is subjected to the following tests:— 

1. The Specific Gravity is taken by means of a special hydrometer called a lactometefT or by a 
Westphal balance. Average sp. gr. = 1.0315. 

2. The Dirt is estimated py settling in a Jong narrow vessel, filtering and weighing; or by 
filtering through cotton wool and judging the amount of dirt from the appearance of the fillet 
afterwards. 
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3. The Total Solids or Dry Matter determined by evaporating a known quantity of milk 
to dryness in a flat porcelain or platinum dish, often with the addition of washed and ignited sand 
or pumice stone. The average weight of total solids= 12.25 P er cent. 

If the specific gravity G and fat content F of a milk are known, the total solids are given by 
the formula— 

T = ° + !?F + .I4. 

4 5 

4. Fat.—A great many analyses of milk are made for the fat alone; amongst the large number 
of methods used in the estimation of fat the following are to be recommended :— 

(а) Adams’ paper coil method, in which a known weight of milk is dried upon a strip of fat-free 
filter paper, and the paper, after drying, is extracted with ether in a Soxlilet apparatus. 

( б ) Rose-Gottlieb method. A mixture of ammonia and alcohol is used to dissolve the casein, 
and the fat is then shaken out with a mixture of ether and petroleum ether. Either the whole 
of the ether is evaporated and the fat weighed, or an aliquot portion of the ethereal solution is 
drawn off and evaporated. 

(c) Gerber method. This is a modification of the Babcock test. It is accurate, and serves for 
separated milk if certain precautions aie taken. Sulphuric acid (sp. gr. 1.82) is used to dissolve 
the casein, and to assist the separation of the fat amyl alcohol is added. On whirling the mixture 
of sulphuric acid, milk, and amyl alcohol in a specially constructed tube or butyrometer placed in 
a centrifuge, the fat separates out and can be read off on the scale placed upon the narrow part 
of the tube. 11 c.c. of milk, 10 c.c. of sulphuric acid, and 1 c.c. of amyl alcohol are the quantities 
used. The centrifuge must have a speed of 1,000 revolutions per minute, and this must be 
maintained for three or four minutes. In cold weather it may be necessary to warm the butyrometer 
tube, otherwise the column of fat solidifies, and cannot be read accurately. 

Instead of sulphuric acid and amyl alcohol, both of which are objectionable, a mixture of 
common salt, sodium hydrate, and Rochelle salt takes the place of the acid, and isobutyl alcohol 
is used instead of amyl alcohol. This Sal method, as it is called, is quite satisfactory, but as 
no heat is generated by the mixing of the reagents, the butyrometer tube must always be warmed. 

5. It is only exceptionally that the protein, the milk sugar, and the mineral matter are estimated 
in milk. The total protein can be determined by the usual Kjeldahl method, or more accurately by 
precipitation with copper hydrate (Ritthausen). Insoluble copper protein compounds are obtained, 
in which the nitrogen can be estimated. 

6. Milk Sugar is estimated gravimetrically by weighing, either as CuO or Cu, the Cu a O 
precipitated on boiling with Fehling’s solution. The polariscope can also be used in the estimation 
of milk sugar, provided certain precautions are observed ( Sclieibe , Milch Zcitung , 1901, 113). 

7. The Ash or Mineral Matter is extracted from the residue left after ignition. About 25 g. 
of milk are evaporated to dryness in a platinum dish, and then carefully ignited. As it is almost 
impossible to burn away all the carbon without volatilising some cf the alkaline chlorides, etc., the 
ignited mass is extracted with water, filtered, and the residue well washed with warm water. The 
filtrate containing the milk salts is evaporated to dryness, gently ignited, and weighed. Should 
the ash of milk weigh less than 0.7 per cent., there would be grounds for suspecting the addition 
of water. 

The Adulteration of Milk. —The removal of fat from milk, or the addition 
to it of water or separated milk, are the two chief adulterations practised. Further, 
milk to which the “strippings’' have not been added may be regarded as adultera¬ 
tion, as is also the mixing of Pasteurised milk with fresh milk. 

In this country the Board of Agriculture regulations for the sale of milk fix the 
minimum limit for butter fat at 3 per cent., and the solids not fat at 8.5 per cent. 
Milk that falls below these standards is regarded as not being genuine, and milk 
offered for sale and found to be below the above limits, renders the seller liable to 
a fine unless he can prove to the satisfaction of the authorities that the milk is 
genuine. 

When the fat in genuine milk falls below 3 per cent., it may be due to various 
causes, e.g., the length of intervals between milking, the season of the year, cold 
and wet weather, or insufficient food. 

The production of milk on a very large scale is not common in this country. The farms are 
usually relatively small, and the herds of cows vary from ten or twelve up to one hundred or more. 
The milk is usually sent to a large dairy company or to a milk dealer in one of the big towns. In 
the smaller towns the farmer often himself delivers the milk to his customers direct. In Ireland, 
where the population is smaller, milk is sent to a creamery, often one run on co-operative lines, and 
there separated, the cream being used for butter, and the separated milk returned to the farmer as 
food for pigs. 

Milk deteriorates very quickly when the conditions under which it is obtained 
are not those of extreme cleanliness. Hence the producer must exercise continual 
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vigilance, both during milking and in the cleaning of the vessels into which the 
milk is put. Apart from pathogenic bacteria, which may in certain circumstances 
find their way into the milk, there are always large numbers of bacteria which gain 
admittance. Even before the milk enters the bucket the milk has been con¬ 
taminated by micro-organisms, chiefly harmless lactic acid bacteria, which were 
lodged in the ducts of the teats. Milk as secreted by the mammary glands is 
sterile. Once outside the body milk receives large numbers of bacteria from the 
air, from the body of the cow, and from the hands and clothing of the milker 
as a rule. In ordinary fresh milk the number of bacteria per cubic centimetre 
is never likely to be less than 10,000, and may rise to five or even ten times 
this amount. 

It is to be regretted that no measures are taken by health authorities to test 
milk for cleanliness or for the bacterial content. In many cases the results would 
be astonishing. With simpler and more rapid methods for estimating the dirt in 
milk and the degree of bacterial contamination, much will probably be done in the 
future. The reductase test, which is based upon the decolourisation of a solution 
of methylene blue, seems well adapted for rapidly giving information as to the relative 
number of bacteria in a sample of milk. All that is needed is a saturated alcoholic 
solution of methylene blue, 5 c.c. of which are diluted with 195 c.c. of distilled 
water. The milk (10 c.c.) is mixed with 1 c.c. of this diluted methylene blue 
solution, covered with a little paraffin oil, and left to stand at a temperature of 
45°-5o° C. When decolourisation takes place at the end of an hour the milk is 
unfit for drinking; if the colour persists for periods between one and three hours 
the milk may be regarded as having a purity inversely proportional to the time 
required for decolourisation. A milk that retains its colour for more than three 
tours is satisfactory. 

Given healthy animals receiving good food and pure water the wholesomeness 
of the milk depends largely upon the care bestowed upon the cows, and upon the 
dairy utensils. Another factor, of course, is the cooling of the milk immediately 
after milking, so that bacteria in the milk do not rapidly increase. The grooming 
of the cows, the brushing and washing of the udder before milking, and the 
provision of a separate room for milking should receive careful attention. The 
milker should have clean clothes and hands, and the practice of wetting the hands 
with milk before and during milking should be forbidden; dry milking is a very 
important factor. The milk should at once be strained through an efficient 
strainer. The newer strainers, in which the milk first passes through a fine wire 
sieve and then through cotton wool which can afterwards be thrown away, or a 
bag of closely woven material which can be thoroughly washed and steamed 
after each milking, are usually very satisfactory. All vessels used for the reception 
of milk should first be washed with cold or lukewarm water, then with boiling 
water, or if a supply of steam is available they may be steamed with the live 
steam. If such precautions as the above are taken, and the cows are healthy 
and have been kept under sanitary conditions, and fed with wholesome food 
and pure water, the milk will be found to satisfy all reasonable requirements. It 
will keep well, and the producer will soon find that the extra care which he has 
taken will be repaid by the ready sale of the milk, oftener at a higher price than 
milk which deposits dirt on standing, and only keeps good for a relatively short 
time. 

Most of the milk produced is consumed as such. However, very large quantities 
are worked up for butter and cheese. 

We discuss the manufacture of these products in the next two sections. A very 
considerable amount of milk sugar is also extracted from milk, usually from the 
whey which is left over after making cheese. The manufacture of milk sugar is 
described on page 78a. 
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BUTTER 

Butter can be made from fresh or sour cream or from whole milk. Generally 
the cream is allowed to sour or ripen before being churned. This gives a larger 
yield of butter and the flavour is better. The ripening of cream is accelerated by 
keeping it at a fairly warm temperature, 60**70° F., and using a starter. The starter 
may be a pure culture of some lactic acid bacteria, or a little sour milk or butter¬ 
milk. First pasteurising the cream and then employing a pure starter is the best 
means of obtaining cream of the required ripeness, and butter made under these 
conditions is much more uniform in character. 

The composition of butter according to Storch is:— 



From Fresh Cream. 

From Ripened 
Cream. 

Water ------ 

Fat. 

Protein. 

Milk sugar. 

Mineral substances. 

Salt. 

13.03 P« cent. 
83-75 .» 

0.64 „ 

°-35 

0.14 

2.09 „ 

13.78 per cent. 

82.97 

0.84 

o .39 

0.16 ,, 

1.86 „ 


It is thus seen that 83-84 per cent, of butter is fat and the rest is water with 
small quantities of protein, milk sugar, mineral matter, and 1-2 per cent, of salt 
which has been added in the making. 

The percentage of water in butter is liable to considerable variations, and may 
reach as much as 20 per cent. In this country 16 per cent, is regarded as the 
maximum limit. 

In the churning of cream the globules lose their spherical shape and collect in 
larger particles, which usually have a granular form. The evenness of grain of the 
butter after churning is of importance, and attention is paid by the maker to this 
point. Well ripened cream, churned at the proper temperature and not too long, 
gives butter of a good grain. 

When the butter has been got into this granular state, it must be thoroughly 
washed to remove the buttermilk, which otherwise would cause the butter to rapidly 
become rancid. The temperature at which this is done is also of importance. 

When the butter has been washed as free from buttermilk as possible, it is 
salted, and for this purpose a pure salt is required. It should be free from 
magnesium salts, otherwise it tends to become moist and then set in hard lumps, 
"hich prevents an even distribution of salt through the butter. 

The manufacture of butter on a large scale is carried out in precisely the same 
manner as on a small scale, except that the chums and workers are run by 
machinery. 

In America, in Germany, and to a less extent in Ireland, machines which combine a churn and 
a butter worker have been introduced into butter factories, so that it is now possible to work, 
wash, and salt the butter in the same vessel as that in which it was churned. The best known 
o! these machines are the Astra and the Simplex. Attempts have been made to combine a 
separator with the churn and butter worker, and in Sweden at the present time several of these 
machines are in use. 

Pure butter varies considerably in appearance, colour, taste, and smell, according 
to the breed of the cow, the food, the time of the year, and method of making. As 
has already been mentioned in speaking of milk, the fat which is present in the 
cream in an undercooled state passes into the solid condition on bemg made into 
butter. Butter is characterised by the relatively high percentage of glycerides of 
the lower fatty acids. Other fats contain a much smaller quantity of these glycerides 
*0 that a determination of the percentage of lower fatty acids serves as one of the 
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best methods for the detection of adulteration with some animal fat such as 
margarine. When the fatty acids are isolated from butter fat it is found that the 
following are present:— 


Butyric acid 
Caproic „ 
Caprylic „ 
Capric „ 
Laurie „ 


C 4 H 8 0 2 (volatile) 

^6^12^2 »> 

^8^1C®2 »» 

^ 10 ^ 20^2 >> 

C 12 H 24 0 2 (non-volatile) 


Myristic acid 
Palmitic „ 
Stearic „ 

Arachidic „ 
Oleic „ 


C 14 H 28 0 2 (non-volatile) 

^ 16 ^ 32^2 » 

^ 18 ^ 86^2 *» 

C2oH 40 0 2 t* 

^ 18 ^ 34^2 » 


The proportions in which these acids are present in normal butter are subject to variation, but 
it is generally found that the glycerides of the first four make up 8-9 per cent, of the total. Almost 
certainly the glycerides are mixed, that is to say, the glycerin group is combined with different 
acid radicals, so that butter can hardly be regarded as a mixture of simple triglycerides. There 
is difficulty in proving this, but Partheil and Velscn, who made an artificial butter from the 
triglycerides of fatty acids, in the proportion in which they are present in butter, found that 
it nad a higher solidifying point than natural butter. 

The specific gravity of pure butter fat at ioo° is from 0.865-0.868, the melting 
point varies from 28°-34.7° C., the solidifying point from i9°-23° C. 

Butter fat is insoluble in water, soluble in alcohol, and very soluble in ether, 
chloroform, benzine, petroleum ether, etc. 

The usual analysis of butter is confined to the estimation of the water, the fat, and the salt, 
and the determination in the pure butter fat of the amounts of soluble fatty acids, insoluble fatty 
acids, the refractive index, and the iodine value. 


Water.—Samples having been taken from the bulk by means of a sampler like a cheese borer, 
they are put into a wide-mouthed stoppered bottle, which is then placed in warm water (40° C.). The 
fat, when melted, is shaken vigorously, and about 5 g. are poured into a porcelain dish containing 
pieces of pumice stone. The dish is then dried at ioo° until the weight is constant, or very 
nearly so. It is not advisable to dry the butter for longer than three hours, for the continued 
heating tends to change its composition. 

A rapid method for the estimation of water is to simply heat the butter in a dish, stirring all the 
time with a glass rod. When the butter ceases to froth and the casein has a brown colour, all 
the water has been driven off, and the dish is allowed to cool and is again weighed. 


Fat.—The dried fat and pumice stone from the previous experiment is transferred to an 
extraction cartridge, which is then placed in a Soxhlet extractor. The dish from which the 
butter and pumice have been scraped is washed out well with ether, which is poured over the 
cartridge, and the extraction is proceeded with in the ordinary way. A layer of extracted cotton 
wool should be placed on the top of the cartridge to prevent fine particles of pumice stone from 
being carried over. 

The Rose-Gottlieb method is also very useful for the estimation of the fat. Weigh out 2 g. 
of butter on fat-free paper, and place it in the Gottlieb tube, add warm water to make up to 
10 c.c. (as for milk), then I c.c. of ammonia, and 10 c.c. of 95 per cent, alcohol. Shake the 
whole well, cool the tube and shake out with ether and petroleum ether, as in the analysis 
of milk. 


Salt —This can be estimated by dissolving a known weight of butter in ether, to which a little 
water has been added. The salt dissolves in the water, the fat in the ether, and the two can 
be separated with a separating funnel. The aqueous solution is then titrated with decinorma! 
silver nitrate, neutral potassium chromate solution being used as the indicator. 

Another method is to ignite the butter carefully in a small platinum dish, extract the sodium 
chloride from the ash with water, and titrate as above. 

An examination of the butter fat is necessary to determine whether adulteration 
with some other fat has taken place. A pure sample of the fat is obtained by 
melting the butter at a temperature of 4o # -so° C., and filtering it through a dry 
filter. 

The refractive index is usually determined with a Wollny-Zeiss butter refracto- 
meter. Full details of how to use this instrument are supplied by the makers (Carl 
Zeiss, Jena), and it will therefore suffice to note that at 25 0 C. natural butter fat 
has a refractive index of 49.5-54.0 divisions. At 40° C. the number of divisions on 
the same instrument is from 40.55-44.4, and fat in exceptional cases 47. 
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Margarine fat has a higher refractive index—58.6-66.4 divisions at 25* C., and 
48-52 divisions at 40* C., so that it is possible to detect adulteration with margarine 
if considerable quantities have been used. The refractive index will hardly serve 
to detect small quantities, for the figures obtained for genuine butter vary too much. 
Another substance used in considerable quantities for adulteration of butter is 
cocoa-nut fat, and this has a refractive index of 33*5-35-5 at 40° C. 

There are several well-known chemical tests for the purity of butter fat of which the following 
deserve notice. 

1. The Reichert-Meissi Value (p. 64).—Pure butter fat may have a Reichert-Meissl value 
as low as 20 or as high as 34, but it is seldom that genuine butter falls below 24. Margarine in 
which a very small quantity of these lower fatty acids is found has a Reichert-Meissl value of I or 
2, not more as a rule. 

2. The Hehner Value (p. 64) for genuine butter fat can vary from 85.5-91, the average value is 
87.5. In margarine the value is higher. 

3. The Koettstorfer or Saponification Value (p. 62) is very high for butter, lying between 
220.5 and 332 for butter fat. This serves to detect adulteration with many fats whose saponification 
value is much less. 

4. The Iodine Value (p. 63).—The iodine value of pure butter fat lies between 25.7 and 49, 
and it is particularly useful in detecting adulteration with cocoa-nut fat. 

The above are the chief tests employed in the chemical examination of butter fat. As margarine 
is the most usual adulterant of butter, its peculiarities as compared with butter fat have been noticed. 
See Margarine Manufacture, pp. 85-87 ; also p. 64. 

Colouring of Butter 

Butter is nowadays usually coloured, except perhaps during a few of the summer 
months. The public demand is for a bright yellow butter, so that if the article fails 
to have the desired colour the sale is prejudiced. The materials used in the 
colouring of butter are generally harmless in their effect upon the consumer, and 
the practice is not prohibited by health authorities (see p. 87). 

In this country, Annatto, which is got from the fruits of the Bixa orellana tree, is usually 
employed. The colouring matter after extraction is dissolved in some vegetable oil. In this 
condition the annatto is easily incorporated with the butter, and an even yellow colour is obtained. 
Too much annatto gives a reddish unnatural colour to the butter, and this should be avoided. 

Saffron, curcuma, extract of marigolds, juice of carrots, are all used as butter colours. Latterly, 
some of the well-known yellow aniline dyes have been used for colouring butter, and whilst there 
is no evidence that they are injurious to health m small quantities, it would doubtless be preferable 
to use one of the vegetable substances previously mentioned. 

Test.—A very complete scheme to be used in testing the colouring matter in butter has been 
drawn up by A. R. Leeds ( The Analyst , 1887), and reference should be made to this paper if full 
directions for making the various tests are wanted. 

Preservatives. —Certain preservative materials are used to increase the keeping properties of 
butter. These preservatives are as a rule similar to those used in preventing milk from tuining sour. 
Boracic acid and its salts are the usual preservatives, and once the fat of the butter has been removed, 
they can be tested for in the manner already described in the section dealing with milk. 


CHEESE 

In its simplest form cheese may be regarded as the solid portion of milk except 
the milk sugar. It is true that a little, milk sugar usually does get into the cheese, 
but the bulk is not retained. The casein, the fat, and the milk salts make up new 
cheese, and the nature and composition of the many different kinds of cheese 
indicate that much variety is possible. In milk the casein is present in a colloidal- 
like form and is probably a lime-casein compound or compounds. The addition of 
an acid or of some specific enzyme like the oj\e in rennet causes the casein to split 
up Into paracasein (the curd) and whey. 

What changes actually during the coagulation of the casein is not well understood; although 
Hammersten’s explanation of the splitting up of the lime-calcium compound or compounds is 
generally accepted, it is not easy to give proof. The souring of milk may* then be regarded as a 
aleavage of the lime-casein compounds witn the formation of curd and whey. 
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When rennet is used to curdle milk the curd differs considerably in physical 
properties from that obtained from milk which has either soured spontaneously or 
has been treated with an acid. 

The souring of milk which takes place ordinarily when it is kept is due to lactic acid which 
forms as a result of the action of lactic acid bacteria upon the milk sugar. The lactic acid which 
thereby arises acts upon the lime-casein compounds, decomposing them and causing the precipitation 
of paracasein in the form of curd. The same effect is produced by the addition of a few drops of 
a mineral acid to milk. 

Cheese is prepared to a small extent from the curd which is obtained when milk sours 
spontaneously, out it is never good, and cannot be got to ripen properly. 

The usual way of making cheese is to allow rennet to act upon milk. The class - 
of cheese which results depends upon the temperature at which the renneting 
takes place, the acidity of the milk before the rennet is added, the quantity of 
rennet employed, and the subsequent handling of the curd. Every well-known 
variety of cheese is prepared according to a definite scheme, the above-mentioned 
factors being altered in different cases. Rennet contains an enzyme rennin, or 
chymosin, which brings about the decomposition of the casein of the milk into 
paracasein and whey albumin. The coagulum in this case differs in chemical and 
physical properties from the curd which is obtained when an acid acts upon milk. 
The former contains lime salts, whereas the latter does not, owing to the acid 
having dissolved the lime. The rennet curd is also more elastic, and not sticky. 

Rennet can be bought in powder or fluid form. It is extracted from the lining of the stomach 
of the calf, in which it is found in considerable quantities. Formerly the stomach was dried, and a 
piece taken whenever cheese was being made. Now the commercial powders or liquids can be 
bought very cheaply, and they are more satisfactory, for it is possible to determine their strength, 
a circumstance which is of great help in the proper making of cheese. 

Rennet powder and tablets are usually very active, although the actual amount of enzyme which 
they contain is very small. One part of rennet powder will often coagulate 250,000 or more parts 
of milk. The liquids are not so strong, 1 :10,000 being about the average strength. 

In order that cheese of a regular quality may be obtained, it is usual to use a 
“starter” to ripen the milk before renneting. This "starter,” which is similar to 
that used in ripening cream, is a pure culture of lactic acid, and controls the 
development of the micro-organisms, with the result that those which are present 
in the milk are prevented from developing by the activity of the lactic acid bacteria, 
which increase mdre rapidly. 

To ascertain when the milk is sufficiently ripe for renneting it is usual to make a so-called rennet 
test, which consists in taking a measured quantity of milk (say 4 oz., or about 140 c.c.) and adding 
to it a diluted rennet extract ($ oz., or 5 c.c.). The mixture is then stirred and the time taken for 
coagulation is noted in seconds. For cheddar cheese the time is from 45-60 seconds. When the 
milk coagulates more slowly than this it is an indication that the milk is not sufficiently ripe. 

There are so many different kinds of cheese that particulars of their manufacture 
would necessitate more space than is available in this article, and reference should, 
therefore, be made to books which deal with cheese-making from the practical side. 
To properly understand the chemical changes that take place in making cheese, 
the following is a brief description of the manufacture of cheddar cheese. 

Great care is exercised in getting pure milk, for it is impossible to make good cheese if the milk 
is dirty. • ' 

The night’s milk is run into a jacketed vat, the next morning the cream is skimmed off, mixed 
with the proper proportion of starter and then returned to the vat The fresh morning’s milk is 
then added and the temperature is carefully regulated to about 85° F. After standing for some 
time the rennet test is made and if the milk is round to be of the desired acidity, the whole of it is 
renneted. The amount of rennet to be added depends upon its strength, but usually 1 oz. to 20 
gals, of milk is about right; this represents as a rule .04 per cent, of rennet. After the milk has 
been stirred it is left to coagulate, which should take place m about three-quarters of an hour. The 
curd must then be tested (usually this is done with tne finger), and if ready, it is cut with special 
knives so that the curd is left in small dice-like pieces. The temperature of the vat is then gradually 
raised to about 102* F. and the contents stirred. This heating and stirring makes the curd firmer, 
so that the whey is expelled. A test is usually made to ascertain if the curd is sufficiently ripe. A 
small piece of curd, well pressed with the hand, is taken, placed against a hot iron and then with* 
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drawn. The curd draws out into threads and the length of these threads enables the cheese-maker 
to decide whether the curd is sufficiently ripe for the purpose. The longer the threads, the riper the 
curd. 

If the ripeness is judged to be satisfactory the whey is run off, and the curd transferred to coolers, 
where it u mats” and forms a solid block, and acidity develops rapidly. The next operation is the 
grinding of the curd followed by salting, after which it is packed into cheese moulds and put into 
the press. Considerable pressure (i-i£ tons) has to be used before the cheese is taken from the press, 
but at first a pressure of £ cwt. or less is needed. The subsequent removal of the cheese from the 
mould, the banding, etc., are technical operations which are employed before it is removed to the 
ripening room. In this room the cheese undergoes many changes which are known collectively as 
” ripening.” 

The process of ripening is a very important factor in cheese-making, for a freshly-made cheese is 
insipid and indigestible. During the process of ripening a large proportion (38 per cent.) of the 
casein is rendered soluble. The changes that take place during ripening are not well understood nor 
has it been satisfactorily explained what causes them. Without question, both bacteria and enzymes 
take part in the process, and the lactic acid bacteria and others which flourish in an acid medium are 
important factors. The enzymes, i.t., rennin and pepsin (both of which come from the rennet), must 
be reckoned with, and, according to Babcock and Russell, a specific enzyme found in milk, and called 
by them galactose, also assists. The chemical changes which take place during ripening are very 
interesting, although as yet they remain unexplained in some cases, but the results are seen in the 
alterations brought about in the casein. The casein, in fact, undergoes a considerable degree of change, 
and instead of remaining as an elastic curd it becomes more and more plastic until ultimately it may 
be largely converted into simpler nitrogenous compounds such as albumoses, peptones, and even 
relatively simple substances such as leucine, tyrosine, etc. There are also present in well-ripened 
cheese a number of decomposition products such as alanine, glatamic, acid, lysine, putrescine, 
cadaverine, and ammonia. 

The milk sugar present in small quantities in new cheese soon undergoes lactic acid fermentation, 
and the gas which is formed causes holes which are a characteristic feature of some kinds of cheese. 

Soft Cheese.—In addition to the different varieties of hard pressed cheese there are a large 
number of types of soft cheese made either from whole milk or milk to which more or less cream 
has been added. Some of these cheeses are eaten fresh, whilst others are allowed to ripen for 
three to six weeks. 

Colouring of Cheese. —In some districts cheese is coloured more or less 
highly with annatto, which is used in aqueous solution, instead of dissolved in oil 
as in the case of butter. 

Adulteration of Cheese. —The direct adulteration of cheese may be said to 
be limited to the extraction of the butter fat from the milk before the cheese is 
made, and the substitution of some other and cheaper fat. Indirectly adulteration 
of cheese may be said to take place when some fat is removed from the milk, and 
the cheese is described and sold as having been made from whole milk. 

Analysis of Cheese.—An average sample, taken with a cheese borer, is rapidly ground up in 
a mortar, and (1) the water estimated by drying first at ordinary temperatures in a vacuum 
desiccator over H 2 S 0 4 , then at ioo° for eight hours in the steam oven. Soft cheese is ground 
with sand before drying. (2) The fat is estimated by first drying with sand in a porcelain basin, 
and then extracting with ether for two hours in a Soxhlet apparatus. The method is not very 
satisfactory, and Weibull {Zeit. filr Uniersuchung der Nahr- und Genussmittel , 1909), and Siegfeld 
{MUch Zeitung % 1904) have devised more rapid and accurate methods, for details of which the 
originals should be consulted. 

(3) Protein.—In new cheese the casein has undergone little change, but in one that has ripened 
considerably a good deal of it has become converted into simpler nitrogenous compounds, some of 
which are soluble in water. 

To distinguish between the soluble and the insoluble protein of a cheese a water extract is made, 
filtered, and the protein and basic decomposition products in the extract are precipitated by phospho- 
tungstic acid. The precipitate is collected, washed, and the nitrogen in it determined by Kjeldahl's 
method. To find out how much of this soluble nitrogen is present as basic decomposition compounds, 
a portion of the original filtered aqueous extract is distilled with magnesia, and the ammonia 
estimated by passing it into standard add. 

The total water-soluble nitrogenous compounds are determined in a known quantity of the 
original filtered extract by evaporating it to dryness, and analysing by Kjeldahl's method. Thus 
the figures obtained in this last experiment, minus the amount of nitrogen present as protein 
and that present as ammoniacal compounds, represent the amide nitrogenous substances. 

Other means of estimating the amount of protein are also used, e.g., Ritthausen’s coppex 
precipitation method, but the above is complete and satisfactory. 

The total nitrogenous matter, soluble and insoluble, present in cheese can be estimated by 
determining the nitrogen present in 2-3 g. of the original substance. 
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Adulteration. —Adulteration of cheese is almost entirely restricted to re¬ 
moval of fat. With modern emulsifying machines it is possible to substitute 
some cheaper fat for the valuable butter fat extracted from the milk from which 
the cheese was made. Margarine cheese is a product which has been made in 
this way (see p. 87). 

To detect this form of adulteration, the fat of the cheese is isolated, and then examined as 
though it were butter. A determination of the Reichert-Meissl value, the refractive index, and 
other tests employed in the detection of margarine in butter are used. To obtain sufficient fat 
for the purpose, the cheese is ground up with very dilute sulphuric acid, and the liquid afterwards 
whirled in the centrifuge; this serves to separate the fat, which is pipetted off and purified by 
melting and filtering through a dry filter paper. 

Statistics. —The quantities of butter and cheese imported into the United Kingdom are :— 



1906. 

1910. 

Value in 1910. 


Cwt. 

Cwt. 


Butter - 

4,300,000 

4,300,000 

£24,500,000 

Cheese - 

2,600,000 

2,500,000 

6,800,000 


Against this there were in 1910 expot ted 9,000 cwt. butter (value ,£56,000) and 8,000 cwt 
cheese ( value £38,000). 

The corresponding figures for the United States are :— 

Imported in 1910. 

Butter and butter substitutes - - - 1,360,000 lbs. (value, $298,000. 

Cheese and cheese substitutes - - - 40,817,000 lbs. (value, $7,053,000). 

Cream- ----- 732,000 galls, (value, 578,000. 

Exported in 1910. 

3,140,000 lbs. (value, $785,000. 

2,846,000 lbs. ( „ $441,00a 


Butter and butter substitutes - 
Cheese and cheese substitutes - 
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THE MANUFACTURE OF MILK SUGAR 
By Geoffrey Martin, Ph.D.. D.Sc, 

LITERATURE 

G. Zirn.— Milch Zeitung t 1895, 481, 497 * The processes here described are still in use. 

When milk is used for making cheese (see p. 75 ) or casein (p. 68 ), the whey which is 
left can be used for the manufacture of milk sugar. The solid matter in whey can be taken as: 
Milk sugar, 4. 6-5.0 per cent. ; protein (chiefly albumin), 1.0; fat, 0.3; mineral substances, 0.6. 
When whey is boiled the albumen coagulates, and if the boiling is continued nearly to dryness an 
impure variety of milk sugar is obtained. This crude milk sugar, which is made in parts of 
Switzerland, and there known as “ Schottensick,” contains 85 per cent, of milk sugar, 10 per cent, 
of water, and nearly 5 per cent, of mineral matter, along with small amounts of protein and fat. 
When large quantities of whey are obtained, as in cheese or casein factories, the evaporation of the 
whey is carried out in vacuum pans. 

The whey must be worked as quickly as possible, otherwise fermentation may set in, the milk 
sugar being partially decomposed into lactic acid, which then inverts the milk sugar into lactose, 
thereby occasioning a serious loss. The addition of a little sodium carbonate solution so as to 
neutralise most of the acid—care being taken to allow the liquid to remain very faintly acid—tends 
to prevent loss of milk sugar by inversion. The addition of formalin (100 g. to every 1,000 1 . 
of whey) also acts well, but is somewhat expensive. 

Sour milk must be carefully neutralised before concentrating. 

The evaporation takes place at 6o°-70° C. in vacuum pans (best in double-effect pans in order to 
economise steam), the evaporation taking place in such a way that as the water boils away fresh 
whey is allowed to flow in continually at such a rate as to maintain the level of the liquid constant. 
The liquid thus gradually concentrates to 30°-32° Re., when it contains 60 per cent, of solid matter ; 
it is then run out into iron crystallising tanks of 700 I. capacity and allowed to cool. In summer 
the cooling must be hastened by surrounding the tank with cold water or by immersing cooling coils 
in it. The temperature must fall from 60® C. to 20° C. in twenty-four hours. A coarse-grained pasty 
mass of crude milk sugar crystals separates at this stage. The mass is centrifuged (using same apparatus 
as is employed in beet sugar manufacture, pp. 162-163). 100 parts of whey yield 3 6-4.3 P cr cent, of 

crude yellow sugary which contains 88 per cent, milk sugar, 12 per cent, water, salts, proteids, etc. 

Tnere passes away from the centrifugal machines about one-third of the original mass as a syrup 
still containing much milk sugar, which is often extracted by passing in live steam to the liquid of 
density 15° Be. ; this coagulates the albumen, which collects on the surface, and which is left behind 
as a cake when the syrup is run off; the cake is pressed between cloth, ground, mixed with nitrogen- 
poor material, e.gy potatoes, turnips, etc., and used as a food for pigs. 

The syrup at 35 1 lie. (warm), thus freed from albumen, is once more run into the vacuum pans, 
concentrated, allowed to crystallise (after standing some days in well-cooled vessels), diluted with 
water, and centrifuged, when a further yield of 0.3-0.7 per cent, of crude milk sugar is obtained. 
Total yield of crude milk sugar is about 4.35 per cent. 

The liquid from this second crop of milk sugar is used as a manure. It still contains some 
albumin and non-crystallisable sugars, but it cannot be used for feeding pigs as it causes diarrhoea. 
It has been worked for lactic acid and calcium phosphate. 

Another way to obtain the crude milk sugar is to neutralise, or nearly so, the acid of the whey 
with sodium or ammonium carbonate, then boil, when the coagulated albumen rises to the surface 
along with the fat, in the form of a porous scum. This is skimmed off and the liquid can easily be 
evaporated in a vacuum pan* 

Purification of the Milk Sugar. —The crude yellow milk sugar, obtained as above 
described, is sometimes dried and sold as such. More often it is sent to refineries and worked up 
into pure white milk sugar. The crude milk sugar is dissolved at 50° C. with stirring in a steam¬ 
headed copper boiler. The solution contains 24-27 per cent, milk sugar (13-15® $£). Animal 
charcoal and 2 per cent, of acetic acid is added (to precipitate albumen), the solution warmed 
nearly to the boiling point, some magnesium sulphate is added (to precipitate phosphoric acid), and 
the liquid is boiled for some minutes. The liquid foams. The temperature rises to 105° C. A 
sediment collects at the bottom. The liquid is pumped upwards (by a centrifugal pump) into a 
copper vessel covered with wood, and then allowed to flow downwards through filter presses. 

The precipitate is rich in P. and N. and is a valuable manure. The clear liquid, of a yellowish 
tint, is concentrated in vacuum apparatus to 35* B 6 (65 per cent, sugar). Any foaming is stopped 
by adding a little fat and increasing the pressure. 

Finally the concentrated liquid is run into iron crystallising vessels, cooled, and the separated 
milk sugar is centrifuged. The mother liquors are worked for further crops of sugar. Tne milk 
sugar thus obtained is further refined by dissolving in water (to 15® B£), heated to boiling, aluminium 
sulphate is added, the liquid is filter pressed, concentrated to 32® B6, cooled in copper (not iron) 
crystallising vessels, centrifuged, and the resulting white sugar is dried in rotating inclined cylinders, 
in a stream of hot air, cooled, ground, and packed for export. 
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Milk sugar is sometimes adulterated with other sugars and sometimes with mineral substances. 
The former are detected by the change in the rotatory power, particularly in what is termed the 
birotation ratio, which is the initial rotation, that obtained immediately after the solution is made, 
divided by the rotation at the end of twenty-four hours. The increase in weight ol the ash above 
the normal (0.035-0.05) denotes mineral adulteration. 

Milk sugar, although expensive, is often used in brewing, as it is not fermentable by ordinary 
yeast, and so remains in the finished product as unchanged carbohydrate, thereby increasing the 
•‘extract” of the beer. Also sold as a constituent for children’s food. 
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By G. Martin, Ph.D., D Sc. 
LITERATURE 

L. Myddelton Nash.—A rt. “Case-in” in Thorpe's Diet. Chem. (1912). 
R. Scherer. —“Casein.” London, 1906. 

Geoffrey Martin. —“Industrial Casein,” Chemical World, 1912, I. 353. 


The chemical nature of casein, as well as its use in the production of cheese, 
has been discussed in the preceding article. 

Manufacture. —The machine-separated milk used for casein manufacture, containing 3 per cent, 
casein, 0.4 per cent, milk albumen, 0.15 per cent, fat, 4.7 per cent, sugar. 0.7 per cent, minerals, 
must be as fat-free as possible. Milk rich in colostrum (taken from cows soon after calving) 
is unsuitable, as it yields soft curds which squeeze through filter cloths and hold much water. 
Milk containing coagulated albumen (i.e., boiled or highly heated milk) also yields a curd 
difficult to work. 

Industrial casein is usually precipitated by gradually running in the proper 
amount of dilute sulphuric acid, with constant stirring, into the milk until it 
becomes clear yellow with separation of the curd, which is drained, washed 
with cold H^O, pressed (or centrifuged), broken up and dried — best in a 
Passburg vacuum drier, but also on trays in hot air drying chambers or cylinders. 
Great care must be taken not to heat too strongly or the casein dries to a dark 
colour. The dry casein is ground and packed for export. 


However, the curd may also be precipitated by IICl, phosphoric acid , lactic acid , acetic or citric 
acid\ by rennet , by self-souring, and by electrolysing milk at 120° F. with N or C electrodes. 
In order to render the curd fatfree and white , the precipitated curd, after well washing and 
pressing, is sometimes stirred to a pulp with water (100 curd to 50 water), and then steamed for 
twenty-five to thirty minutes in a wooden vat with about 150 parts of a I per cent, solution of soda. 
This is to remove lactic acid and butter fat After heating, the mass forms a thin milky fluid, 
which is transferred to a separate vessel to cool, and is then precipitated with dilute HNO a . The 
precipitated casein collects at the bottom, the supernatant liquor is run off, and the casein rinsed 
with water, settled, and water decanted, the washings being repeated until the wash waters are 
neutral. The casein is then drained on filter cloths, pressed, and dried on trays in drying chambers 
at I20°-I40° F. One hundred parts of curd yield 45 parts purified casein, free from lactic acid and 
butter fat. 

Among other methods proposed for preparing industrial casein, the following may be 
mentioned:— 


1. The curd is precipitated from the skimmed milk with dilute II2SO4, the yellowish product 
redissolved in alkali (sod. bicarbonate), and reprecipitated with dilute acetic acid (German Patent, 
135 * 350 )- 

2. The casein is precipitated by leading S 0 2 gas into milk warmed at 50 -70° C. The process 
is complete in a few minutes, the time taken being so short that there is no danger of inversion 


occurring (German Patent, 184,300). 

3. A fat-free casein is obtained by mixing decreamed milk with alkali, warming, removing the 
fat by centrifuging, and then precipitating casein in the ordinary way with acid (German Patent, 
135 * 745 )- ' 


Uses. —Industrial casein is used (1) as a painting material; (2) as a mucilage 
and cement; (3) in the preparation of plastic masses, forming substitutes for horn, 
celluloid, ivory, etc., and especially for “ galalith ”; (4) as a dressing and colour¬ 
fixing medium in the paper and textile industries; (6) as a food stuff; (7) for 
“fining” wine. This is cheaper and better than albumen. See p. 245. 


Statistics. —In 1910 England imported casein of value £54,00a The export reached ^21,000. 
The United States in 1910 imported 3,769,000 lbs. of casein of value $304,000. The chief 
firm in England is Casein, Ltd\ 


Casein Glue (see Glue, p. 596). — Casein can be converted into an 
excellent glue by stirring it up with 400 per cent, distilled water and 3J per cent. 
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sod. bicarbonate, standing for five to six hours, and adding an antiseptic to prevent 
mould. Sometimes shellac is added. The glue is now ready for use. Such 
glues can be applied cold. 

Very often the casein is dissolved in borax, soda, or ammonia. The applied casein glue is 
made insoluble by formaldehyde. A waterproof glue is obtained by dissolving casein in lime. 

In the woodworking traaes casein glues threaten to displace ordinary gelatine glues because 
casein glues can be applied cold (so that all the trouble of melting the glue is avoided), can be made 
waterproof, and by tiieir use certain delicate effects are attainable in veneering work which are 
impossible with gelatine glue, since the latter must be applied hot , and is not waterproof. 

Casein as a Sizing Material. —Casein is widely used for sizing paper and 
similar materials (see Paper). 

It is dissolved in alkaline solutions, and mixed into the paper pulp. The process is 
especially useful when the paper pulp has to be moulded or pressed into relief forms; as the 
casein size is very resistant to heat or moisture. Extremely beautiful art papers are sized with 
casein, and some photographic papers are also casein sized, the papers being extremely resistant to 
heat and moisture, and thus keep well in the tropics. The leather and textile industries also 
employ casein for “dressing” and “finishing” purposes. The great advantage of casein over 
gelatine is that it is entirely precipitated by the subsequent addition of alum, whereas most of the 
gelatine is lost in the back water. In the priming of materials a casein product containing silicic 
acid is used instead of egg-albumen ; it is prepared by dissolving the casein by heating with dilute 
NH 3 , adding sodium or potassium silicate, and adding phosphoric or acetic acid until the whole, 
which first solidifies, again becomes fluid (German Patent, 161,842). 

Casein Water Paints.— See under Paints, p. 512. 

Manufacture of Bone Substitutes from Casein.— Casein when mixed 
with formaldehyde gives an insoluble horn-like product, which is used as a bone, 
horn, and celluloid substitute. See under Celluloid substitutes and Galalith, 
p. 210. 

Casein Food Stuffs (see Cheese, Milk Powders, and Guttmann’s 
Nutrient Milk Flour) consist of casein mixed with carbohydrates, such as 
gluten-free oatmeal, and a small quantity of aromatic substances. 

Visem is a more recent similar food, containing lecithin and salts of glycero-phosphoric acid. 
Sanatogen is said to consist of 95 per cent, casein and 5 per cent, of sodium glycero-phosphate. 
White powder, soluble in H 2 0 , fat-free; lactose-free (see German Patents, 98,177, 1898; 99,092, 
1897 ; 99,093, 1897 ; 99,094, 1897 ; 152,380, 1903 ; 152,450, 1903 ; 118,656, 1899. See also Chetn. 
Ztg, 1899, 371 ; 1900, 538, 718). Eulactol is a white powder prepared by evaporating milk 
in vacuo at 98° F. ; it contains 33.25 per cent, albumen, 46.3 per cent, fat, 14.3 per cent, of 
carbohydrates, and 4.3 per cent, saline matter (see D.R. Patent, 98,441 ; Chew. Ztg. t 1099, 851). 

Plasmon (casein) is an albuminoid preparation from milk, occurring as a yellowish white 
powder containing 75-80 per cent, albumin, 5-7 per cent. Na.,CO ;{ , 5-10 per cent, fat and milk 
sugar—very assimilable (see German Patent, 100,977, 1898. Chcm. Ztg. y 190 0, 538, 718. Chem. 
Centralblatt , 1899, II., 533, 1130; 1900, I., 677, 828). 

Dr Riegel’s Milk Albumen is said to contain 86 per cent, albumin, 8.2 per cent, water, 0.31 
per cent, fat, 17.4 per cent, mineral matter. The curd is precipitated from the milk by ethyl 
sulphuric acid. 

Eucasein is a casein ammonium compound, soluble in water (see Chetn . Ztg. t 1899, 851 ; 
D.R. Patent, 84,682, 1895; 108,053, 1897). 

Nut rose is a sodium caseinate (see German Patents, 85,057, 1894, and 89,142). 

For Sanose see Chem . Ztg., 1898, 686; 1899, 371; Chem. Centralblatt , 1899, I., 1294. 

For Casein foods, separated from milk by citric acid and containing calcium phosphates, see 
German Patents, 115,958; 123,622, 1898; i 37 »ooo> 1901; 122,458, 1899. 

Vi-Casein, a soluble sodium caseinate, contains 76-78 per cent, proteins, is free from milk 
sugar (nearly), and so is used for diabetic patients. 

Acknowledgment.— The author’s best thanks are due to Mr L. Myddelton 
Mask for much valuable advice on this subject. 
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VII.—CONDENSED MILK AND MILK POWDERS 


By \Y. H. Stephens, A.R.C.S. 

The prime feature which characterises the operation of reducing milk to a 
smaller volume is the necessity for minimising changes due to the action of heat, 
both on the various constituents of the milk and on their distribution in the 
product. As regards the former, the most important, unless the heating is unduly 
prolonged, are the coagulation of the albumen which occurs at about 70° C., the 
modification and resulting change in the colour and in the solubility of the casein, 



Fig* 21.—Vacuum Apparatus for the Manufacture of Condensed Milk. 
(Egrot, Paris.) 


and the caramelisation of the milk sugar. Of the second class of changes, the 
separation of the fat, and the formation of large crystals of milk sugar are most to 
be feared* 

Many of these transformations may be obviated either by arranging that the 
milk shall never be subjected to high temperatures, or by conducting the operation 
in such a manner that the milk is treated at a high temperature for a very short 
period of time. 

The separation of the fat is due primarily to the increased tendency of the 
minute fat globules to run together when an emulsion, such as milk, is heated. 

7 
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One method of meeting this difficulty consists in reducing the size of the fat 
globules before the commencement of the operation. This process is known as 
<€ homogenisation,” and consists in breaking up the globules by violent disruptive 
treatment, ordinarily effected by driving the milk under high pressure through 
minute orifices, or by forcing it at a high velocity against stationary surfaces. 

Alkaline bodies, such as bicarbonate of soda, are commonly added mainly to 
reduce the acidity of the milk and thus prevent rancidity, and also to obviate the 
loss of volatile fatty acids. These substances also act as emulsifying agents, and 
minimise the separation of the fat. 

The presence of crystals of milk sugar in condensed milk gives a gritty taste to 
the product, and can only be avoided by carefully watching the concentration. 

Condensed Milk. —In condensing milk it is usual to concentrate the milk in 
bulk in a vacuum pan at a temperature of about 4o°-5o* C. Concentration at a low 
temperature has also been effected by using an air blast to aid in the evaporation 
of the water. Cane sugar is usually added, but unsweetened milks are also brought 
on to the market. The concentration may be carried much further when sugar 
has been added, the product consequently having better keeping qualities. 
Sweetened milks generally contain about 25 per cent, of water; unsweetened milks 
about twice as much. 

The following table * gives the composition of some of the milks:— 



Condensed Whole Milk. 

Condensed 
Skim Milk. 

With Cane 
Sugar. 

Without Cane Sugar. 

Condensed Half 
Bulk. 

Condensed Third 
Bulk. 

Condensed to 
Quarter Bulk. 

Water - 



27.88 * 

76.70 

66.91 

27-43 

Fat .... 



9.62 

6.80 

975 

0.29 

Protein 



10.27 

5-89 

8.95 

11.59 

Milk sugar • 



14.20, 

9-13 

12.50 

13.60 

Cane sugar * 



36.06 


... 

44.92 

Ash ... 



i-97 

1.48 

I.89 

2.17 

* 



100.00 

100.00 


100.00 

Sp. gr. at 15 0 C. - 

* 

* 

1.29 


KB 



Milk Powder. —All attempts to dry milk by processes such as those used in 
condensing milk, and involving the treatment of the milk in bulk for a considerable 
period of time, have resulted in a product of very inferior quality. In the processes 
now in use the milk is treated in the form of films or spray for a rela#vely short time. 

The film apparatus in common use comprises a rotating cylinder, on which a 
thin layer of milk is evaporated to dryness in the course of a single revolution. 
In Ekenberg’s process the temperature is low and the operation is effected in vacuo. 
Kunick t also uses a low temperature, but facilitates the evaporation by means of a 
current of air. The Just-Hatmaker | process is probably the most interesting and 
successful of this type. A temperature in excess of 100" C. is maintained on the 
surface of the cylinder, and the milk is in consequence reduced to dryness so 
rapidly that injurious changes are inhibited. The time during which the milk 
is exposed on the surface of the cylinder is never more than z\ seconds, and may 
be as low as \ second. 

The apparatus used is known as a “twin-cylinder” drying machine, and is 
shown in Fig. 22. It is composed of two cylinders a , placed side by side and 
slightly separated from each other. The . milk is fed continuously to a trough b $ 


# From Kirchner’s *1 Milchwirtschaft,” p. 599 (5th edition, 1907). 
t English Pats., $,189, 1966 ; 1,692, 1907. 
t Eng, Pats., 21,617, 1902; 8,743, * 903 - 



















A CONDENSED MILK INSTALLATION 
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1 unip for 
I xlr-u tin*, 
( ondtnsc ’ 
Milk 


B 



bteam 


Pump for 
Peedinj, 

C ondcnscd 
Milk 


1 ig 21 a — kcstncr Installation in Condensed Milk I actoi) 


Kestner Evaporator for Condensed Milk A high vuuum is applied at t In means o 1 i 
pump The milk is forced by another pump into a feed box B, whence it passes up a number ol 
20 ft tubes o, which art surrounded by sttam which enters the calindna oi stcim box by II, the 
condensed water running away at i The steam heats the milk and it rushes up the tubes G in 
the form of a him with a hollow eore of vapour, and arnves in the upper box above the top tube 
plate The liquor and vapour then pass down the tubes n, similarly heated, the liquor passing 
as a him down the sides of the tube, and the vapour, which is trnelhng it a high velocity, forms 
a core in the centre of the tube 

Both liquor and vapour pass tangentially into the sepnator s the lotating action set up 
completely separating by centrifugal action the liquor from the \ ipour, so that the vapour passes 
out at C and the liquor is pumped out (against the vacuum prevailing m s) at P by a pump 
shown m the photograph 

The veioeity of the liquor through the tubes is so great that it onlv icmams m contact with 
the heating surface for a few seconds before arriving at separator s There is. therefore, no 
burning of the liquor 


[ f o fate page 82. 
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Fid. 22. -*-Twin Cylinder Drying Machine for Milk Powders. 


constituted by the upper parts of the cylinders and suitable end walls, is carried 
round as a film on the surfaces of the cylinders, and is removed in the dry state 
by scraper r. The cylinders are heated internally by means of steam of 40 lbs. 
pressure. In consequence of the temperature used, this process has the additional 
advantage of providing a sterile product. 

The spray evaporators are constructed in the form of chambers, to which are 
admitted a fine spray of milk in close proximity to a current of warm air. The 
spray is almost instantly transformed to a dry powder, and is carried by the air 
current to depositing or filtering chambers. In some cases the spraying devices 
are so constructed as to homogenise the milk. In a recent process of Ekenberg’s,* 
carbonic acid gas is used as a drying agent in order to impart keeping- qualities to 
the product. It need scarcely be said that in all processes where air is used, it 
should be previously washed and filtered and, preferably, sterilised. 

Milk powders as a rule contain from 4-7 per cent, of moisture, a proportion of 
this being combined with the milk sugar as water of crystallisation. 

The following table t gives the composition of some of these milk powders, along 
with that of the milk from which they were produced : — 




I. 

Whole 

Milk. 

11 . 

Resulting 

Powder. 

III. 

Theory. 

IV. 

Skim 

Milk. 

V. 

Resulting 

Powder. 

VI. 

Theory. 

Water 

. 

87.8 

5.16 

5.00 

91.05 

3 55 

5-00 

Fat - 

- 

3-4 

26.22 

26.48 

0.15 

2-55 

1-59 

Proteid 

- 

3-4 

25-47 

26.48 

3 - 40 

35*45 

36.09 

Milk sugat - 

- 

4-7 

33-93 

36-59 

4-70 ( 

45.60 

49.89 

Cane sugai 

- 


1.20 

... 


2.80 


Ash - 

- 

0.7 

6.22 

5-45 

0.70 | 

7-^9 

7-43 

Total - 

- 

100.00 

98.20 

100.00 | 

jpo.oo 

K 

On 

100.00 


Columns III. and VI. are calculated on the supposition that no loss of cream or fat occurs on 
drying the milk. TJpe close agreement of the numbers so obtained (columns III. and VI.) with 
those actually found by analysis of the dried powder (columns II. and V.) show that practically no 
loss of cream, fat, or protein occurs in the condensing process. 


* Eng. Pat., 16,37?, 1909. 

t Kirchner, * f Milchwirtschaft,*’ 5th edition, p. 603. 
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Statistics. —The following figures show the value of the English import and export f-» 

Import. 


1 

1906. 

1910. 

Value in 191a 

Condensed milk, sweetened - 
„ unsweetened 

Milk powder, not sweetened - 
Nestles milk food - 

Cwt. 

10,600 

2,300 

.8888 

ON 

,£1,640,000 

113.000 

36,800 

13.700 

Export. 


1906. 

1910. 

Value in 191a 

Condensed milk, sweetened - 
„ unsweetened 

Milk powder - 

Cwt. 

310,000 

14,000 

24 

Cwt. 

423,000 

16,000 

285 

,£886,000 

38,000 

1,076 


The United States in 1910 exported 13,311,000 lbs. of condensed milk (value, $1,023,000). 

Analysis. —The methods adopted are as a rule those applied to ordinary milk, condensed milk 
being diluted for analysis, milk powders being as a rule examined in the dry state. 

The only method of special interest is that for the estimation of milk and cane sugars. The 
proteins are first precipitated, and a portion of the milk boiled with Fehling’s solution. A further 
portion is then inverted with hydrochloric acid, and the product also boiled with Fehling’s solution. 

Approximate methods, depending on the altered relationship of sugar to easily determined 
constituents, e.g. t ash, are used for manufacturing purposes. 
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VIII.—MARGARINE MANUFACTURE 

By G. Martin, Ph.D., D.Sc. 

LITERATURE 

Most of the facts in the accompanying article were supplied privately by firms interested in 
the manufacture of margarine. Much of the published literature is very poor, and 
often describes methods in vogue over twenty years ago and now abandoned. 

G. Hefter. —‘‘Technologic der Fette u. Ole,” vol. iii. Berlin, 1910. Gives the best 
account. 

Lewkowitsch. —“Oils, Fats, and Waxes,” vol. iii. (1901 edition). 

Dr K. Windisch. —“ Margarinekase.” Berlin, 1898. 

“Die Margarine-Fabrikation,” von Th. Buddinger. Separat-Abdruck aus dem Organ 
fur den Oel- und Fetthandel. 2nd Edition. “ Verlag. N. Besselich.” Pp. 16. 
Trier, 1910. 


ARTIFICIAL BUTTER, MARGARINE 

Butter fat is a mixture of the glycerides (both simple triglycerides and mixed 
glycerides) of acetic, butyric, caproic, caprylic, lauric, myristic, palmitic, stearic, 
arachidic, and oleic acids. It also contains small amounts of cholesterol and 
natural colouring matters (lactochromes). The average proportions of the acids 
are as follows : Stearic acid, 0.49 per cent.; palmitic acid, 18.23 P er cent.; myristic 
acid, 11.08 per cent.; lauric acid, 16.4 per cent.; oleic acid, 36.1 per cent.; caproic, 
caprylic, and capric acids, 3.23 per cent.; butyric acid, 6.13 per cent.; glycerol, 12.5 
per cent. Cow butter consists of fat, 83-91 per cent.; water, 7.5-13.75 per cent; 
casein, 0.5 per cent.; milk sugar, 0.3 per cent.; ash, 0.3 per cent.; salt, 1-2 
per cent. 

Since glycerides of the same fatty acids are present in varying amounts in many 
other fats and fatty oils, the problem which confronts the margarine manufacture! 
is the blending together of these fats so as to produce a substance having the same 
chemical composition as butter. Chemically this could be done by separating pure 
glycerides from the various fats -(making them artificially if necessary) and then 
blending them together in the exact proportions in which they occur in butter fat. 
On the large scale this operation is quite impracticable on account of cost, so that 
the art of the margarine manufacturer consists in utilising the fats ready to hand, 
and blending them together in such proportions as most closely simulates the 
natural product. This has been so successfully achieved that many of the 
margarines now on the market resemble butter so closely in physical and chemical 
properties that the analyst has often very great difficulty in deciding whether a 
sample consists of true or artificial butter. There can be little doubt that ultimately 
a margarine will be produced having almost exactly the same constituents as natural 
butter, and therefore indistinguishable from it either by chemical tests or natural 
flavour. 


Manufacture of Margarine 

The following ingredients are used in various percentages according to the 
quality of the margarine it is desired to produce: oleo oil, neutral lard, cocoa-nut 
oil, earth-nut oil, sesam 6 oil, and cotton-seed oil. The refining of oils has become 
so perfect of late, through the application of the so-called American “ Wesson 
Process,” that the oils used are now absolutely flavourless and neutral. About Jo 
per cent, of carefully soured cream or milk is churned through the above-named 
fats, and these, being quite tasteless, adopt the milky and buttery flavour of the 
soured cream. To the highest grades up to 10 per cent, of pure butter fat (the 
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highest percentage allowed by law) is still added, which brings the quality so near 
the real article that even experts often cannot detect any difference. 

All countries nowadays make about the same blends. Generally speaking, one 
can say that higher grades contain about 10 per cent, of oil, 70 per cent, of oleo 
oil, and 20 per cent, of cocoa-nut oil, whilst lower grades contain up to half oil and 
half animal fats. 


Process of Manufacture. —The milk, after a searching bacteriological and 
qualitative examination, is passed through the separators where the cream is separated 
from the milk. The cream is either churned into butter, or, what is usually more 
profitable, sold as cream. The separated milk is at once pasteurised (/>., heated 
to a temperature a little below its boiling point in order to destroy bacteria) 
and immediately cooled to nearly freezing point, remaining at this temperature 
until required for the “souring tanks,” when it is again warmed to a moderate 
temperature suitable for the souring culture which is then added. The souring 
culture is prepared in the bacteriological laboratory in the most careful manner, 
since the buttery flavour of the whole yield of margarine is dependent upon this. 
The milk is then allowed to “ ripen ” in a series of great open tanks, in which the 
milk is gently worked to and fro during the process; the floor is of concrete, and 
clean water is kept flowing over it, while the walls of the room are of glazed white 
ware, so that at this stage the danger of introducing foreign bacteria is minimised. 

The milk thus prepared is now mixed in suitable quantities with the above- 
mentioned animal and vegetable oils in suitable proportions, and the mixture is 
thoroughly churned for not more than one hour in a suitable machine. The 
temperatures vary from 2o°-45° C. The higher the quality the lower the churning 
temperature, the object being to retain as much as possible of the delicate milk 
flavour, which a high temperature largely destroys. In this way the product gets 
the characteristic smell and taste of butter. 

Then, the property of butter to brown and froth being due to casein and milk- 
sugar, suitable proportions of these, or sometimes also of “ Elaine,” extracted from 
yoke of eggs, are added to high grade margarines. 

In the churning machines the ingredients are thoroughly beaten into an emulsion 
or cream, the mixture being pulverised into single globules such as butter fat forms 
in milk, the process being regulated if necessary by means of steam or ice water 
sent through the steam jacket with which the churn is provided. The mass is then 
run out into large wooden tanks (sometimes coated with marble slabs, cleanliness 
being everywhere of the utmost importance). While running out in a thin stream 
from the churns the fluid margarine is met by a high-pressure jet of cold water, 
which pulverises the margarine, so that the disintegrated globules after solidifying 
resemble butter granules very closely. 

This method of chilling the margarine has always been a source of dissatisfaction to the manu¬ 
facturer, as it is impossible to perfectly control it, and even under the most favourable circumstances 
it did not give the best results for the following reasons:— 

1. The milk serum in the emulsion is partly replaced by water. 

2. Part of the souring culture is washed out, this resulting in an irregular and insufficient develop¬ 
ment of the souring ferment during the subsequent operations. 

3. The chilling not being carried out at a sufficiently low temperature, the finished margarine is 
always of a softer and more greasy texture than butter. 

To remedy these defects a process has recently been patented by Mr E. Schou which does 
away with the water cooling. The emulsion as it leaves the chum is spread out into very thin layers 
of about one-fiftieth of an inch in thickness on two large drums, revolving at the same speed but in 
opposite directions. These drums are cooled down by means of refrigerated brine to a temperature 
of about — io° C., so that the very thin layers of emulsion immediately crystallise on the drums, and 
while retaining the whole of the milk serum , are scraped off in thin flakes, and treated as 
subsequently described. The advantages of this method are very great, viz. 

- 1. The whole of the milk serum and souring culture being retained, a perfect control of the 
flavour of the margarine is secured. 

2. Through the more effective cooling, the texture of the margarine becomes firm and at the same 
time pliable, and both to the naked eye and under the microscope it is hardly to be distinguished 
from butter. 
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. The process has been worked for some time by one of the largest firms of margarine manufac¬ 
turers in this country with such success that the best qualities of margarine thus prepared are equal) 
if not superior, to the best qualities of pure butter. 

The solidified margarine is now removed in wooden waggons to the fermenting 
rooms, where the excess of water is allowed to drain off, and the souring culture in 
the milk allowed to develop and flavour the whole mass of margarine. After 
“ ripening ” for a sufficient time, the mass is transferred to large kneading machines 
in order to squeeze out the excess of water and obtain a homogeneous mass. Salt 
may here be kneaded in to taste, together with colouring matter to produce the fine 
yellow colour characteristic of butter. Many colouring substances are sold (some 
even being aniline dyes). 

Two harmless colouring mixtures much used are these 

(а) Orlean, 80 parts ; curcuma root (turmeric), 80; olive oil, 240 by weight; saffron, 1 part mixed 
with alcohol, 5 parts by weight. Macerate the orlean and turmeric with olive oil, express, make up 
the weight of the filtered liquid to 240 parts by weight with olive oil; then add the filtered saffron- 
alcohol extract, stir, and expel the alcohol by heating the mixture. 

( б ) Moisten 30 parts of finely powdered alum with 3 parts of turmeric extract, spread opt and dry 
the powder in a warm place; tnen pulverise finely, and store, protecting the product from the li^ht. 
A pinch of the powder added to a cnurnful of milk or cream before the churning imparts a beautiful 
golden colour. The turmeric extract is made by adding 1 part powdered turmeric to 5 parts alcohol, 
and macerating together for about a week; then filtering. After the kneading the margarine is 
moulded! into lumps, pats, etc., ready for the market. 

As a food margarine is little (if at all) inferior to butter, and being prepared from 
the freshest and purest materials, is usually cleaner than butter as prepared in the 
dairy. 

Distinctive Tests between Butter and Margarine (see also pp. 64, 75).—1. The Reichert- 
Meissi value (see under Fat Analysis) for butter is very large (20-33 cm.). That of most fats 
range from 0.5-1.5 cm. (cocoa oil, 7-8). Margarine makers now often add glycerides of volatile 
acids, so as to obtain the same number as with true butter. 

2. The saponification value of butter is high (221-233), that of other fats low. The addition 
of cocoa-nut oil to the margarine raises its saponification value to that of butter. 

3. The refractive index of butter is 1.4590-1.4620 at 25 0 C. (butyro-refractometer scales, 49.5-54). 
That of margarine is 1.4650-1.4700 (58.6-66.4 butyro-refractometer divisions). Cocoa-nut oil lowers 
the refractive index of margarine to that of butter. 

4. True butter fat contains less than 1 per cent, of stearic acid. Most margarines contain 
10-20 per cent., and even more. For other tests see under Butter. 

5. H. Blichfeldt ( Jour . Soc. Ckem . Industry , 15th July 1910, p. 792, vol. xxix.) has devised 
& process for the estimation of butter and cocoa-nut fat m margarine. 

The fat is saponified by a mixture of aqueous potash and glycerol, and the fatty acids are 
liberated by acidification with sulphuric acid. The resulting mixture is distilled in a specially 
designed apparatus, made by Becker, London. 

The distillate is treated with an excess of decinormal soda solution and transferred to a 200 c.c. 
measuring flask. The total volatile acids are determined by titrating back with decinormal sulphuric 
acid. The neutral soap solution is now treated with excess of decinormal silver nitrate solution, 
and 10 per cent of solia sodium nitrate is dissolved in the liquid in order to salt out all the sparingly 
soluble silver salts. After making up to 200 c.c., the precipitated silver salts are filtered off, ana 
the excess of silver nitrate is determined voluinetrically in the filtrate. The volatile fatty acids are 
thus determined as soluble and insoluble silver salts. 

The ratios of soluble to insoluble silver salts, derived from butter and cocoa-nut fats respectively, 
differ considerably from one another, and afford a ready means of determining these substances in 
presence of one another. 

Suet substitutes consist of a mixture of suet (tallow) and cotton-seed oil 
or cotton-seed stearin. 

Lard substitutes are mixtures of lard or “ lard stearine ” (p. 26), with cotton¬ 
seed stearine, maize oil, cocoa-nut oil, and other similar oils. In Germany such 
substitutes are heated with onions and condiments, and sold as cooking fat 
(< bratenfett). 

Margarine Cheese is made from milk from which the cream has been 
removed, and to which margarine fat has been added. Otherwise the operation 
is just like cheese-making in the ordinary way (see under Cheese). In 1910 
about 1,600 cwt. (value, ^2,500) were imported into Great Britain. 
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Statistics. —The amount of margarine imported into the United Kingdom is given by the 
following figures:— 



1906. 

1910. 

Value in 1910. 

Margarine .... 

„ cheese 

Imitation lard - 

Cwt. 

1,101,900 

1,200 

231,000 

Cwt. 

1,120,800 

1,600 

275,000 

.£2,900,000 

2,500 

600,000 


Exported was 7,000 cwt. (value ^17,000), in 1910, of margarine; and 2,700 cwt. (value 
;£6,6oo) of imitation lard. 

The United States m 1910 exported 74,556,000 lbs. of lard substitutes (value, $6,887,000), and 
3,418,000 lbs. of oleo*margarine or imitation butter (value, $350,000). 

The author thanks Mr Paul Arup for much information regarding the modern 
raw materials used in the manufacture of margarine. 











89 


IX.— MANUFACTURE OF FATTY ACIDS AND 
CANDLES, INCLUDING HYDROGENATION OF 
FATS 

By G. Martin, Ph.D., D.Sc. 

LITERATURE 

I* L. Lamborn.—“ Modem Soaps, Candles, and Glycerine.” Crosby Lockwood, London, 
1906. 

John Caldrrwood. —“ Manufacture of Candles.” London, 1891. Price’s Patent 
Candle Co. 

Lbwkovvitsch. “Chemical Technology and Analysis of Oils, Fats, and Waxes.” 
Vol. II. Macmillan, 1909. 

Schadlbr-Lohman. —“Technologie der Fette und Ole.” 1892. 

Marazza — Mangold. —“Die Stearin industrie.” 1896. 

F. Malepeyrb.—“B ougies St&riques.” 2 vols. Paris, 1904. 

G. Hefter.—“T echnologie der Fette und Oele.” Vol. III. Berlin, 1910. Gives an 

excellent and very complete account 

Candles are commonly composed of free fatty acids such as stearic and 
palmitic acids. Hydrocarbons such as paraffin wax or ceresin are now very 
largely used, either alone or (more usually) mixed with fatty acids. Certain waxes, 
such as beeswax, carnaiiba wax, spermaceti, etc., are employed in making some of 
the more expensive sorts of candles, while ordinary tallow enters into the composi¬ 
tion of some of the inferior qualities. 

Obviously good candle material must burn without smoke or smell, must not 
soften and bend under usual conditions of temperature, and when melted, must 
form a fluid which can be readily drawn up by the wick. Tallow is soft and burns 
with a foul smoky flame, and so is only used for the cheaper kinds of candles. 
Some of these objections apply to inferior sorts of paraffin. 

Preparation of Fatty Acids for Candle-Making (also for Soap 
makers). —The fats are saponified by several processes :— 

Saponification by Lime (de Milly’s Process).—Some 6,500-7,500 lbs. of 
fat are placed in a copper digester and 1-3 per cent, of lime (or magnesia) and 
a little water is added.* Saturated high-pressure steam is then turned on, and 
the whole is hqgted for six to eight hours with steam at a pressure of 8-10 atmo¬ 
spheres. Under these circumstances a temperature of over 176° C. prevails within 
the digester, and the fat is almost completely hydrolysed into glycerol and fatty 
acids as follows:— 

C,H fi (O.CO.C n H„), + 3 ff 8 0 = 0 , 14 ( 011 ), + 3C 17 H 3 6COOH 

Tristearin, Water. Glycerol, Stearic acid, 

890 parts. 93 parts. 853 parts. 

At the same time the lime present is turned into an insoluble calcium salt, thus:— 
tC,H,(O.CO.C 17 H„), + 3Ca(OII) a = 2C 3 H,(OH), + 3(C w II M .CO.O),Ca 

Tristearin. Lime. Glycerin ^ # Calcium stearate 

(insol. lime soap). 

A modern digester consists of a copper boiler (iron discolours the fatty acids) 
5-6 ft. in diameter and 18-30 ft. high (Fig. 23). The contents are agitated either by 
paddles or rotating spiral screws. 


* Superheated water alone at a temperature of over 200° C. (15-20 atmospheres pressure) is 
capable of almost completely hydrolysing fats. The presence of lime, however, allows the tempera¬ 
ture and pressure required for saponification to be greatly reduced. 
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The glycerol collects in the water underneath the oily layer of fatty acids. 
From time to time a sample of fat is withdrawn and analysed, and when the 
process of saponification is thus found complete enough, the mass is allowed to 
stand until the separation into two layers—fatty acids above and glycerin (“ sweet ”) 
water below—is complete. The two layers are then pumped off into separate vessels. 

The fatty layer is now boiled up with steam, and sufficient sulphuric acid added 
to decompose the lime soap contained in the fatty acids, thus :— 



Fig. 23. —Copper Digester fur the Manu¬ 
facture of Fatty Acids by de Milly’s Process. 
(Rost & Co., Dresden.) 


(CjylfgjjCO. O VX'a + lIoSO, — 

Calcium stearate. Sulphuiic 
acid. 

CaS 0 4 + 2C„ll»COOH 

Calcium Stearic acid, 

sulphate- 

On standing, the calcium sulphate sepa¬ 
rates as a sludge at the bottom of the watery 
layer, while the fatty acid forjns an oily layer 
above : the two layers are separated. 

The further treatment of the fatty acids 
depends upon the quality of the fat used for 
saponification. 

If the best tallow or fatty oils have been 
employed, the fatty acids thus obtained may 
be white enough for direct pressing and con¬ 
version into candles as described below, while 
the glycerin water may be worked up for 
good quality glycerol as described under 
Glycerol. 

Usually, however, the best sorts of tallow 
are used for edible purposes, and the candle 
or soap maker works with inferior dark 
coloured fats, which yield fatty acids too dark 
for direct use in candle making. Con* 
sequently, the fatty acids so obtained are 
either distilled with steam, as described 
below, or else the neutral fats are treated 
with concentiated sulphuric acid (acid 
saponification) in a manner we will now 
describe. 

Saponification of Fats by Means 
of Sulphuric Acid. — This process is 
usually used for inferior fats obtained from 
garbage, putrid bones, etc. The fatty acids 
from the lime saponification process (from 
which the glycerin has already been extracted) 
are often subjected to this process in order 
to slightly increase the yield of candle 
material, since the sulphuric acid turns the 
fluid oleic acid into oxystearic acid, a hard 
white solid capable of being utilised in 


candle-making; thus, while the lime saponification process alone yields 45-47 per 
cent, of solid fatty acids, the acid saponification process yields 55-63 per cent., 


with a slightly lower melting point. 

The process is carried out as follows (Fig. 24): The dark coloured’fat is 
melted in an iron tank by means of a closed steam coil, and heated until most 
of the water present is expelled. Next, the melted fat is forced by means of 
the pump B into a copper boiler c, and 3-6 per cent, of concentrated sulphuric 
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Plant. for acid process^ of_fat_ saponi ficatio n 


Fig. 24. 


acid of sp. gr. 1.83 run in from the lead-lined tank d. The whole is heated for 
five to six hours at 130° C. by means of a closed copper coil, through which 
superheated steam from the superheater d is passed. The sulphurous fumes 
arising from the action of the acid on the fat are pumped away through ke by 
means of a water jet contained in the vertical pipe, which discharges into f 
A complicated action ensues ; the hot, strong acid attacks the fat, thus :— 

AOl I) 2 

C 3 H 0 (O.CO.C 1T II 35 ), { + II 2 S 0 4 1- 3ILO = 3C w II»COOII 4 CjIIX 

x o.so 2 oh. 

Tristcarm. Sulphuric Water. Stearic acid. Gl>eery 1 sulphate, 

acid. 


The hot water at the high temperature employed also saponifies the fat into 
glycerol and free fatty acid, so that instead of the theoretical 11 per cent, sulphuric 
acid required according to the above equation, in practice only some 3-4 per cent, 
are hecessary. The fats blacken considerably owing to the destruction of tissues 
and membranes present by the concentrated sulphuric acid. At the temperatures 
employed the fatty acids themselves are scarcely affected. If, however, the tempera¬ 
ture is allowed to rise too much, the sulphuric acid finally attacks them, con¬ 
verting them into sulphonic acids. Some of the glycerol is destroyed. Part 
of the oleic acid present is converted into an unstable sulphonic acid, thus: *— 

XOOII 

• c 17 ii*ax>h + ii,so 4 = c„n w < 

x O.SO a OH 

Oleic acid. Sulphuric Sulphonated stearic 

acid. acid. 


* According to Lewkowitsch (fourth Soc< Chem . Ind. t 1897, 392) sulpho-hydroxystearic acid 
is formed. 
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^ The subsequent boiling with water decomposes this sulphonic acid into oxystearic 
acid, thus:— 

y COOII /COOH 

+ II 2 0 = C lV H fH4 < + H 2 S 0 4 

X O.S 0 2 OlI X OH 

Oxystearic acid. 

And this, in the subsequent distillation of the fatty acids, is partially converted 
into a solid isomeride of oleic acid, called iso-oleic acid, C^H^COOH, M.P. 
44° C. There are also formed at the same time lactones and hydrocarbons of 
unknown constitution. The net result of the operation is an increase in the 
amount of solid matter capable of being used for candle material. 

The action being completed, the tarry matter at the bottom of the boiler is run 
off, and the fatty acids boiled with water in a series of lead-lined tanks (o, g, g), the 
heating being effected by open steam coils contained in them. Finally, the fatty 
acids, now washed free from sulphuric acid, are pumped up into the storage tank a, 
from whence they are run into the steam still for a final purification by distillation, 
as described below (p. 93). 

Formerly no attempts were made to recover the glycerol, and statements are even now published 
in standard works stating that the glycerol is almost completely destroyed. Glycerol, however, is 
too valuable a product to throw away, and it is now evtracted with little loss from the acid and 
aqueous liquors run off from the fatty acids (see under Glycerol). 

Twitchell’s Process of Saponification.*— When concentrated sulphuric 
acid'is allowed to act on a mixture of benzene and oleic acid at a temperature 
below 30° C., the following action takes place:— 

C 6 H fi + C 18 H 34 0 2 + II 2 S 0 4 = C„H 4 ( HSO a )(C 18 h ; »o 2 ) + H 2 0 . 

Benzene. Oieic acid. Sulphuric Sulpho-benzene-stearic acid. Water, 
acid. 

The sulpho-benzene-stearic acid may bo separated by washing the viscous oil thus 
produced with water. In place of benzene we may employ naphthalene or phenol 
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and obtain similar compounds, naphthalene yielding, for example, sulpho-naphthalene* 
stearic acid, C 10 H 6 (HSO 8 )C 18 H 86 O 2 . 

This new series of fatty-aromatic acids has the remarkable property of readily 
hydrolysing fats into glycerol and fatty acids when boiled with them. The fat, 
previously purified by boiling with dilute sulphuric acid in a lead-lined wooden 
tank a, is pumped into a lead-lined wooden tank b, provided with a closely fitting 
cover, about one-third of its weight of distilled water from d is run in, and 0.5-1 
per cent of the sulpho-benzene-stearic acid (or similar body) added. Live steam 
is then driven through the liquid by means of the open coil c, and the boiling 
continued for twelve to twenty-four hours, when the saponification will be complete. 
During the boiling no air must be allowed to come into contact with the fat or a 
dark coloured product will result; hence the lid of the saponifying tank must fit 
practically air-tight. Finally, the mixture is allowed to settle; the fatty acids 
separate out as a clear oily layer above, and the glycerol water below. The glycerol 
water is drawn off into e, and the fatty layer boiled up again with some fresh water 
for another twelve to twenty-four hours, when all the glycerol is extracted. At 
this stage a little barium carbonate mixed with water (1 part barium carbonate to 
2,000 lbs. of stock) is added to b in order to neutralise acid in the fat, and the 
boiling with steam resumed until the fat is neutral to methyl orange. Finally, the 
mass is allowed to settle, and the glycerol water drawn off first, and then the fatty 
acids, which are now ready for use. 

The glycerol water in e— amounting to about 60 per cent, of the volume of fat 
—is neutralised by a little milk of lime contained in h, the sediment allowed 
to settle, and the clear glycerol water pumped into G, passing if not quite clear 
through the cloth filter in f. From g the glycerol may be passed to the evaporators 
to be boiled down and distilled. 

Advantages of the New Process.— 1. The great simplicity of apparatus and operations. 

2. The glycerol water drawn off from the fat is very rich in glycerol, yielding when boiled down 
a very pure product at little cost. 

The Disadvantage is the tendency to produce dark coloured products. An apparent improve¬ 
ment on Twitcbeirs original reagent, both in respect to the lighter colour of the fatty acids produced 
and the smaller amount necessary for saponification is the Dartring saponifier (English patent 
749, 1912; German patent, August 1911, V. 9847), placed on the market by the Vereinigte 
Chemische Werke, A.G., Charlottenburg, and Geo. Haller & Co., of London. 

Other Processes of Saponification.— Colloidal metals {e.g. , platinum) readily hydrolise 
fats (see Joum . Soc. Chem. Industiy , 1909, 611). The process promises to develop into a techni¬ 
cally important one. 

Enzymes contained in many seeds also readily and spontaneously hydrolise fats at ordinary 
temperatures into free fatty acids and glycerol. For further information see Joum. Chem . 
Industry , 1906 (25), p. 994 ; (Fokin); 1905 (24), 97*7 (E. Hoyer); 1904 (23), 327 (Nicloux). Nicloux 
states that the enzyme contained in 10 kilos of crushed castor seed which has been extracted with 
castor oil is able to decompose 1,000 kilos of fats and oils in twenty-four hours at ordinary tempera¬ 
tures. The fats are stated to yield excellent light coloured soaps. 

Barbd and Garelli (English Patent, 12,210, 1907) saponify fats wilh ammonia under pressure, 
thereby producing ammonia soaps and glycerol. The ammonia soaps are decomposed by steam, 
the ammonia being boiled off, condensed and used again. The free fatty acids float on the surface 
of the glycerol water, and may be separated by decantation. Since the ammonium salts of oleic acid 
are first decomposed it is possible, by stopping the boiling with steam at the right point, to first 
separate the oleic acid, and then, by continuing the boiling, to separate the stearic and other acids. 

.In the patent No. 9,758, 1908, they saponify with a5 per cent, of ammonia (which acts cata- 
lytically in the process) with steam at I30 °-ioo° C. under 3-6 atmospheres for eight hours, and 
immediately separate the resulting vfty pure glycerol waters of 6*-7° Be. See also Patents 24,836 
and 24*837* 1908 - 

Distillation of the Fatty Acids. —A typical still used for this purpose is shown 
in Fig. 26. The melted fatty acids are run from the storage tank m into the 
laige copper still a, which is usually heated by direct fire to a temperature of about 
26o # C, while steam which has been heated to 26o°-36o° C., in the superheater b 
is blown through c, c, into the mass of hot fatty acids. The fatty acids distil over 
into a series of copper condensers d, d, d, the liquid acids running from them down 
into copper coils e cooled by water in the wooden boxes k, k, k ; from these coils 
they are drawn off, according to quality, into separate tanks, f is an auxiliary 
condemang arrangement, situated out of doors, for condensing the lighter portions 
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Fig. 26.— Plant for Distillation of Fatty Acids. 


of the redistilled tar. A water aspirator contained in f carries the fumes into the 
tank g ; uncondensed vapours pass off through h, and are suitably disposed of. 

About 18,000 lbs. of fat may be distilled continuously, the volume in the still 
being kept constant by the continual introduction of fat from the storage tank M 
in proportion as the volume in the still decreases during the distillation. 

Palmitic acid first distils over, then stearic and oleic acid, and finally lactones 
and hydrocarbons. The first distillate (80-95 P er cent. °f the whole) is white in 
colour, and may be pressed at once for conversion into candle material. The later 
fractions, which are rich in bodies produced by the decomposition of the fatty acids 
—such as lactones and h)drocarbons—are returned to the storage tank M and 
redistilled. The black residue (liquid when hot, solid when cold) which finally 
remains in the still is known as candle pitch, and is run off through the outlet 
pipe n ; it is used for making insulating material for electrical machines, for waterproof 
paper, as a lubricant, and as a constituent of black paints; it forms about 2 per 
cent, of the charge. 

The United States in 1910 imported 4,263,000 lbs. of candle pitch (value, $70,000), of which 
1,170,000 lbs. came from the United Kingdom. 

Process of Pressing the Fatty Acids.— The fatty acids, purified as 
described above, are now run into a series of sh^low tinned iron trays arranged 
one above the other in racks in a cooling room, wfirch is artificially maintained at 
such a temperature that the fatty acids crystallise only very slowly during ten to 
twelve hours, so that the crystals of stearic and palmitic acid formed are large, 
and thus allow the liquid oleic acid, retained between them and forming the 
mother liquid out of which they crystallise, to be easily expelled by pressure. 

The cakes of fatty acid thus obtained are wrapped in cloth and subjected to 
a hydraulic pressure of 250 atmospheres in the cold. Then they are pressed at a 
temperature of 6o° C. in a “ hot press,” />., one steam jacketed so as to allow the 
pressing to take place at this temperature. The white hard cakes thus obtained 
are remelted and clarified, when they are ready for use. 

The expressed oleic acid, commonly called “ red oil,” is usually cooled; when a 
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further separation of solid stearic and palmitic' acid takes place. This is separated, 
and the mother liquid, consisting cf impure oleic acid, is used as a wool oil or as 
a stock for textile soap. 

Melting Points of the Fatty Acids. — These aie important for their 

_ . . ■ i i * 


commercial valuation :— 





M P. 


M.P. 

Oleic - 

4 °(\ 

Flaidic 

5i’C.‘ 

Oxysteaiic 

8 4 j -86° ('. 

Stearic - 

69° 0. 

Iso-oleic 

44 °‘ 45 J ( • 

Palmitic 

62 s C. 


Process of Candle Moulding.- Candles consist of cylinders of wax or fatty 
acids surrounding a wick lying true in the centre in ordei to avoid unequal burning. 
These wicks are made of cotton threads loosely plaited together and soaked in a 
solution of boric acid, potassium nitrate or chloride, and ammonium chloride, 
sulphate, or phosphate. '1 he plaiting causes the wick to curve when burning, and 
thus they burn away at the ends without causing the flame to smoke. The chemical 
solution vitrifies the ash 


of the wick, and the 
minute glassy particles 
dropping off from the 
bent wick leave* the end 
free for the melted fat 
to ascend to the point 
where combustion is 
taking place. In the 
absence of this chemi¬ 
cal treatment the wick 
burns off short in the 
flame and causes 
persistent guttering. 
S tear in e or paraffin 
candles are moulded in 
special machines. 

Fig. 27 represents an 
ordinaly candle machine 
capable of moulding 
ninety-six candles sim¬ 
ultaneously. It consists 
of a battery of moulds 
contained in an iron 
tank a, through which 
warm or cold water 
can be passed as desired 
in order to beat or 



Fig. 27. —Modern Candle Moulding Machine. 
(From J. Calderwood’s “ Manufactuie of Canale?,” p. 15). 


cool the moulds. Each mould (the constiuction of which is shown in Fig. 28) 
is made of polished tin, sometime^backed by iron, and traversed by a piston which 
can be raised or lowered so as to force the candle out of the mould. The wicks 


are wound upon the bobbins ]> (Fig. 27), and pass tip the piston rods B accurately 
through the centres of the candle moulds as shown in Fig. 28, and end in the 
randies from the previous “ round,” which are held in exact position in a special 
clamp. To use the machine hot water is first driven through the box containing 
the moulds so as to heat them to a,suitable temperature; next the melted wax is 
poured into the trough, and not only completely fills the moulds, but leaves a suffi¬ 
cient surplus in the troughs to allow for contraction of material on cooling. Next 
the hot water is replaced by a stream of cold, which rapidly chills the moulds, and 


Lewkowitsch gives 44.5° C. as the coirect M.l\ 
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the candles solidify. The wicks of the candles held in the clamp above the trough 
are now cut, and the previous round of candles carried away for packing. The 
excess of candle material in the trough is now removed by means of a suitable tool, 
the emptied clamp replaced over the trough, and then, by operating the handle, the 
pistons b are pushed up the moulds, thus forcing out the candles into the holder 


Candle 

Material 


A 




Candle Mould 


Fig. 28.—Section of Candle Moulds. 


or clamp e. The wicks are drawn up with the candles, so that, immediately after 
the withdrawal of the first lot of candles, the pistons are lowered and another.charge 
of wax poured into the moulds. When the surplus material in the trough is suffi¬ 
ciently solid, the wicks above are cut by a special knife or scissors, and the clamps 
containing the candles are then lifted away, and the candles ejected into a rack or „ 
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other convenient plac e. After the clamps have been replaced upon the machine 
the operation is continued until, ultimately, the bobbins d, which contain sufficient 
wick for several hundreds of candles, are emptied, when they are either rewound, 
or replaced by others. 

A great ad\ ance on these machines is represented by Cowles’ “ Multiple 99 candle-moulding 
machines, which enormously increase the output and effect a very great economy of labour, water, 
steam, and floor space; thus while by the use of a small candle machine such as that just 
described ninety-six candles can be produced at one operation, by the use of a multiple machine of 
the same size no less than 360 candles can be produced by one operation. The “Multiple” 
machine is capable of producing no less than 518 candles at one tilling, filling three times an 
hour, and producing per week of fifty-five w Diking houis no less than 90,000 candles. It is fitted 
with patent swing-over clamps for holding the ejected candles, depositing them in a V-shaped tray 
attached to the clamps. 

“Self-fitting” candles have conical fluted ends by which they may be fitted 
into any candlestick without scraping or paper. Being tapered at both ends they 
cannot be produced in a single mould. 



Fig. 29.—Durpitt’s Machine for Moulding Candles with Self-fitting Ends. 
(By the Courtesy of Price’s Patent Candle Co.) 


The arrangement used by Trice’s Patent Candle Company, and patented by their Mr Durpitt, 
is shown in the figure. The cap A, which forms a fluted conical butt, is in halves, each 
supported on wire springs B, which pass down recesses in the mould. When the candle is forced 
out of the mould these halved caps also rise a little, and springing apart they allow the enlarged 
butts of the candles to pass through; these are received in clamps c, and held in position over 
the centres of the moulds until the next lot of candles has solidified round the wicks, as n the 
ordinary “ plain end ” machines. 

In some forms the conical ends are made by means of a movable top bed, fitted with mot Ids 
for these butts. 

Usually a little paraffin is added to the stearine in order to render the wax less brittle. Also^ to 
paraffin candles varying amounts of stearine are added for similar reasons. Since low melting 
candle material is much cheaper than high melting material, candles are now manufactured with a 
thin exterior of any suitable high melting material, the interior being composed of the cheaper low 
melting material. Special machinery is required to perform the moulding, but the candles thus 
produced have the advantage of being very economical to manufacture, and not liable to gutter in 
burning, or cake together in packing, while the exteriors can be lettered for advertising purposes, or 
made of any desired colours, such colours not interfering with the combustion of the candle. 
Wax and c cr cain candles are not moulded, because the wax at the moment of moulding shrinks 
away from the mould; also they stick to the form. Thick altar candles are made simply by 

8 
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pouring molten wax down a wick hanging vertically, and then rolling between boards. Smaller 
candles of the same material are made by drawing the wicks repeatedly through melted wax until 
of the proper size. By mixing beeswax with varying proportions of paraffin and stearic acid it is 
possible to mould it like ordinary candles. 

Colouring Candles.—The candle material is usually coloured, before moulding, with organic 
colouring matter, the best sorts being those soluble in alcohol, since they affect least the burning 
power of the candle. The stearine is melted at 65° C., and the dye stirred in. The quantity varies 
between 0.05 and 0.01 per cent, of the weight of candle material. Mineral colouring matters cause 
the candles to burn badly, while many aniline dyes fade rapidly when in contact with the stearic 
acid. Good results are obtained with the following dyes: Red —sudam IV., flexin, rose bengal, 
rhodamin. Yellow —chinolin yellow, auramin. Green— acid green, Victoria green. Blue — 
Indulin, Victoria blue, methyl violet. 

Transparent Candles for ornamental purposes may be made in a variety of ways. (1) If 
100 parts oi paraffin wax be melted at 8o*-90° C. with 2 parts of l>eta-naphthol, a material is 
obtained which remains transparent on moulding. (2) Paraffin wax, 70, stearine, 15, and 
petroleum, 15, melted together, give a low melting-point transparent candle material. (3) Paraffin 
wax, 90, stearine, 5, and petroleum, 5, give a higher melting-point material somewhat less transparent 
than (2). 

Statistics.—The value of candles imported into the United Kingdom in 1910 was 5*600 cwt. 
(value, ^14,500; exported were 292,000 cwt. (value ^485,200). 

The United States in the same year imported 160,000 lbs., value $26,000, and exported 
3,215,000 lbs., value $244,000. 

Manufacture of Candle Material from Waste Oleic Acid.— Oleic 
acid, expressed from the stearic and palmitic acid used in candle-making, is a 
viscid fluid quite useless as a candle material. Many attempts have been made 
to turn it into candle material, but only the first process described has met with 
any measure of commercial success.* 

1. The Conversion of Oleic Acid into Hydroxystearic Acid.— Oleic 
acid is dissolved in distilled petroleum (6o° Be.), and cold concentrated sulphuric 
acidt run in, the temperature not being allowed to increase beyond 40° C. The 
following reaction takes place: 


.COOH 

C^HjbCOOH + H 2 S 0 4 = 

Oleic acid. 


Sulphuric 

acid. 


SOjOII 

Sulphostearic acid. 


,co 

C„H»/ | + H„SO, 


CaH.COOH + H,SO. - C„ H< I 

Oleic acid. Sulphuric Stearolactone. 
add. 


Sulphuric 

acid. 


Next, live steam is blown in, whereby the sulphostearic acid is decomposed, thus 


.COOII .COOH 

+ H 2 0 = C„H m < + H a SO. 

XXSOgOH x ' 

Sulphostearic acid. Water. 


s OII 


Hydroxystearic 

acid. 


Sulphuric 

acid. 


The steam-heated mass is allowed to stand, and the water and sulphuric acid, 
sinking to the bottom, are drawn off. The remaining mass is extracted with hot 
petroleum naphtha,J which dissolves out the hydroxystearic acid. On cooling. 


* See “The Conversion of Oleic Acid into Candle Material,” by Dr Lewkowitsch, /oum 
Sot. Ckem . Ind.t 1908, p. 489. See also p. iocxz. 
f Zinc chloride has been also used for the purpose. 

X U.S. Letters Patent, No. 772,129—N. M. Burton, patentee; Standard Oil Company, 
assignee—nth October 1904. 
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the petroleum the hydroxystearic acid separates out as a white mass, which is 
filtered, dried, and pressed. 

Fifty per cent, of oleic acid is thus converted into hydroxystearic acid, two 
modifications of which exist—the alpha variety, melting at 77°-8s° C., and the 
beta variety, melting at 8 i*-85° C. 

The filtrate consists of stearo-lactone and unchanged oleic acid; when it is 
distilled the unchanged oleic acid passes over, and part of the stearo-lactone is 
converted into oleic acid or iso-oleic acid, thus :— 

y CO 

C 17 H 34 < | = Q7H33COOH 

x o 

Stearo-lactone. Oleic acid. 


The recovered oleic acid is again treated with sulphuric acid as above described, 
and a further quantity converted into hydroxystearic acid. It is claimed that by 
this process no less than 85-90 parts by weight of hydroxystearic acid are obtain¬ 
able from 100 parts of oleic acid. 

Hydroxystearic acid used alone is not a good candle-making material, although 
its melting point is high; but a mixture of 3 parts of the substance with 1 part of 
commercial stearic acid is used for stiffening paraffin wax candles. 


-For recent methods of converting oleic acid into hydroxystearic acid by treating with sulphuric 
acid, the reader may consult the following English patents :— 

2,989, 1910.—Dubovitz treats benzine bone fat (1,465 kilos) with water (600 kilos) and MgO 
(8 kilos) in autoclave for eight hours ; blows out, separates fatty acids and Mg soap from the glycerol 
water; dries fatty acids and Mg soap (1,412 kilos) and treats with 26 kilos of 92 per cent. H 3 S 0 4 
for one hour; boils with H 2 0 . The iodine number was lowered from 44.9 to 33.2, giving 12.9 
per cent, of solidified oleic acid. 

10,466, 1904; io, 466 a, 1904 ; and 19,988, 1905.—Dreymann treats the oleic acid with H a S 0 4 , 
then esterifies the separated acids with methyl alcohol, and separates the pure acids by distilling 
in vacuo their methyl esters (which boil at a lower temperature than the fatty acids themselves), and 
decomposing them again into methyl alcohol and fatty acid by superheated steam. 

24,836 and 24,837, 1908.—Barb6, Garelli, and Paoli treat the oleic acid with concentrated 
II 2 S 0 4 , and convert the resulting anhydrides and lactones into acids by saponifying with ammonia 
(English Patents, 12,210, 1907 ; 9,758, 1908), decomposing the resulting ammonia soaps with cold 
water. The ammonium oleates are more soluble in cold water than the ammonium stearates, and 
consequently are drawn off in solution from underneath the stearic acid and stearic soaps, and a 
separation is thus effected of the oleic and stearic acids, the ammonia soaps being finally decomposed 
by boiling water, the ammonia recovered and used again, and the free fatty acid drawn off. 
They claim to obtain from oleic acid about 65 per cent, stearic acid melting at 70° C. (see also 
pp. 93 . 109 ). ^ 

393. 1902.— Sandberg treats train oil with II a S 0 4 and nitrous acid. The nitrous acid converts 
the liquid oleic into solid elaidic acid, 

2. Conversion of Oleic Acid into Palmitic Acid. —When oleic acid is 
fused with caustic alkali it is converted into palmitic acid, thus:— 


CwHwOa + 2KOH = KC 16 H3i0 2 + KC a H 8 0 2 + II 2 

Oleic add. Caustic Potassium Potassium Hydrogen 

soda. palmitate. acetate. gas. 

"V 

On acidifying the aqueous solution with dilute sulphuric acid, the palmitic acid 
is precipitated as a white crystalline mass. Candles made of palmitic acid manu¬ 
factured by this method have actually appeared on the market, but the process was 
not commercially successful, the evolution of hydrogen making the manufacture 
dangerous, while the candles themselves possessed an unpleasant smell and greasy 
touch. 


3. Conversion of Oleic Acid into Stearic Acid.— Oleic acid is an un- 
saturated acid, only differing from stearic acid by the absence of two hydrogen 
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atoms. Several processes have been proposed for making oleic acid take up these 
two hydrogen atoms and become stearic acid according to the equation:— 

CtfllssCOOII + H a = C 17 U»>COOH 

Oleic acid. Hydrogen Stearic acid, 
gas. 

The processes are described in the next article on the Hydrogenation of Fats. 

Acknowledgments. —The author’s best thanks are due to Messrs Price’s 
Patent Candle Company for much information regarding a subject which they, 
more than any other firm, have improved and developed. Also to Mr W. H. 
Stephens for much information regarding recent processes. 
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THE HARDENING OF FATS 
HYDROGENATION OF FATS 


By Geoffrey Martin, Ph.D., D.Sc., F.I.C. 
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28,754,28,981, 1912; 4,144, 10,204, 11,542, n,543» 13,382, 16,283, 16,782, 18,350, 
1913; 2,306, 2,307, 3,344, 3,865, 4,665, 5967, 15,668, 16,600, 1914; 109,993, 1917. 

German Patents.—211,669, 1907; 221,890, 1910; 236,488, 1911; 260,885, and 
256,500, 1913. 

French Patents.—450,703, 1912; 458,445, 1913. 
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Oleic acid is an unsaturated acid only differing from stearic acid by the absence 
of two hydrogen atoms. Several processes have been proposed for making 
Oleic Acid take up these two hydrogen atoms and become stearic acid, according 
to the equation 

c 17 h ?3 cooh + h 2 - c 17 h 35 cooh 

Oleic Acid. Hydrogen Stearic Acid. 

Gas. 

Thus fuming hydriodic acid reduces oleic acid to stearic acid; so does heating with iodine; 
other attempts to reduce oleic acid to stearic acid have also been successful. For details of 
these and other new processes the reader is referred to the Journal of Chemical Industry , 1908, 
vol. 27, p. 489. 

Recently it has been shown that when Oleic Acid is treated with nickel powder 
in the presence of hydrogen, it takes up hydrogen and gives an almost theoretical 
yield of hard stearic acid. 

Moreover, this latter action is of general importance. Not only does oleic acid, 
but also liquid unsafurated fats take up hydrogen under these conditions and 
become converted into hard substances. Thus the liquid glyceride, triolein, is 
converted into solid tristearin:— 

C,H 4 (OOC.C jt H m ) 8 + 3 H 2 - C s H 5 (OOC.C 1 t H S jV 
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Sabatier and Maihle (Ann, Chim. Phys ., 1909, [8], 16, 73) showed that oleic 
and elaidic acids, when treated with hydrogen in the presence of reduced nickel at 
28 o°-3oo° C., yielded stearic acid. The nickel, technically prepared by reducing 
nickel carbonate in situ , is thrown into the boiling fat and H gas is passed through. 

The first patents referred to the passage of hydrogen gas through the vapours of fatty substances. 
Such processes were of little use in the case of glycerides, as they are decomposed when vapourised. 

The fundamental patent was taken out by Norman (English Patent, 1,515, 1903), which described 
the hydrogenation of oils in a liquid condition, by merely passing a current of hydrogen into the 
oil, heated to a suitable temperature, and containing a finely divided metal as catalyst. 

This patent is fundamental in character since it precluded all other manufacturers from hydro¬ 
genating oils in the liquid condition. In 1913, however, it was declared to be invalid owing to the 
njeagre information given in the patent. 

Recent work has been principally directed towards the preparation of the 
catalytic nickel in a suitable state, the best proportion of catalyst to use, the best 
temperature of hydrogenation, the proper refining of the fatty body, the application 
of continuous mechanical agitation, the purification of the hydrogen. 

For details of these the reader must consult the patent literature above referred to. Published 
details are meagre. Crossley {loc. eit .) gives details for rape oil, whale oil, etc., which were 
published in the lawsuit of Joseph Crosfield & Sons Ltd. v. Technico-Chemical Laboratories Ltd. 

The method was invented by Sabatier and Senderen. The reader will find a resum£ of their 
tesearches in the Anna/es de Chimie et de Physique , 1905, [8], 4, 319 ; 1909, [8J, x6, 70. See also 
Sabatier , Ber. y 1911, 44, 1984; Sabatier, “La Catalyse.*’ 

An excellent account is also given by Crossley, The Phar?naieutical Journal and Pharmacist , 
1914, 92, pp. 604, 637, 676. See also C. Ellis, J. S . C.I., 1912, 31, 1155 J a l so his book, “Hydro¬ 
genation of Oils,” 1914 ; T. Shaw, Ibid. , 1914* 33* 77 


Theoretical. —At constant temperature and pressure the velocity of hydro¬ 
genation of an oil is given by the equation :— 

V = K.C 1 C>- 

Where V is the velocity of the reaction, K the constant of reaction, C x is the active 
mass of the oil, and C 2 the active mass of the hydrogen. 

Consequently, in designing a plant for the hydrogenation of oil it is essential 
that the product QC2 should be as large as possible. In other words, the product 
of the number of pounds weight of hydrogen per minute driven against the oil into 
number of pounds of oil it meets per minute must be as large as possible. 

Hence the hydrogen should be highly compressed, as in this way a larger weight is concentrated 
in a given volume. Also the speed with which the oil and hydrogen circulate in the system in a 
counter-current direction should be as great as possible. Hence the pumps should be powerful, and 
it is theoretically a mistake to depend upon gravitation and ordinary pressures for the flow of gas and 
oil. The great practical advantage of the latter arrangement is ease of working. 

It is also well known that an increase of pressure favours the formation of products possessing a 
smaller volume than the original components. Since the hydrogenated oils occupy less volume than 
the original hydrogen and oil mixture, on this ground also (see below) it is advisable to use high 
pressures and powerful pumps. 

The reaction is mono-molecular. Fokin (J. Russ. Phys . Client. Soc ., 1908, 40, 
276) has shown that the saturation with hydrogen of a double bond at constant 
temperature and pressure follows the ordinary mono-molecular formula:— 


K = 



Where a represents the total volume of hydrogen absorbable by the unsaturated 
oil, and x the volume of hydrogen actually absorbed after the time /. 

The reaction starts rapidly, but slows down as saturation is attained, following in this the 
ordinary mono-molecular formula:— 


The saturation of an oil with hydrogen is exothermic , i.e., attended with the 
evolution of heat. Maxted (“ Catalytic Hydrogenation and Reduction,” pp. 95 and 
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97) states that, in the course of a two hours* run, a charge of oil will have 
spontaneously increased its temperature from 140* to 185° C. 

If Q be the heat of reaction and K the equilibrium constant, K is dependent upon the tempera¬ 
ture according to van’t Hoffs equation :— 

d log K __ Q 
dT RT*' 

Consequently K tends to diminish with rise of temperature, and for this reason it is advisable to 
carry out the hydrogenation at as low as possible a temperature compatible with a sufficient 
practical velocity of reaction. The formation of bodies whose production is attended with the 
evolution of heat (*.*., exothermic bodies) is checked by rise of temperature. 


Practical Conditions of Success. 

It has been found that the main conditions for success in the hydrogenation of 
oils in the liquid condition are :— 

1. Exact Control of the Temperature, e.g, the reduction of the oil with 
nickel must take place at as low a temperature as possible—say 140° C. to 180° C.— 
in order to avoid decomposing the oil and giving it a bad taste and colour. Again 
the nickel must be reduced at a low temperature (see below). 

2. The Purity of the Reacting: Bodies, e.g., the fats should be purified 
by removing free fatty acids (not more than 1 per cent, free fatty acid should be 
present) and moisture, sulphur compounds, etc. 

The nickel must be pure (see below). The hydrogen must be extremely pure 
if good results are to be attained. The purer the hydrogen the more rapid the 
reduction. Sulphur compounds, arsenic, water, carbon monoxide, in the hydrogen 
all diminish its activity in the presence of nickel. 

3. The Exclusion of “Catalytic Poisons,” />., substances which destroy 
the hydrogenating action of the nickel catalyst. 

Chlorine, sulphur (as sulphide), phosphorous, and arsenic are the worst of these catalytic 
poisons. Oxygen and water and carbon monoxide also affect injuriously the activity of the nickel. 

4. The Fine State of Division of the Catalyst.— The more finely divided 
the catalyst the more rapid the action. 

5. The Pressure of the Hydrogen Gas.— Several processes exist in which 
the hydrogenation takes place under ordinary atmospheric pressure, and it is true 
that if the catalyst is sufficiently active an almost instantaneous conversion of the 
oil is possible. Nevertheless, in general the higher the pressure employed the more 
rapid and effective the hydrogenation; four atmospheres is a good working pressure. 
Ber^ius (Z?/V. Angela . Chem. y 1914, 27 , 522) actually showed that the hydrogenation 
of oil can be affected without catalytic aid by the use of high temperatures and very 
high pressures. 

In general a catalyst only acts in accelerating a chemical action which takes place of itself at a 
sufficiently high temperature and pressure. 

It is a well-known law of physical chemistry that an increase of pressure favours the production 
of reaction products, having a smaller volume than the products we start with. As the hydrogena¬ 
tion of fats is attended with the absorption of hydrogen so that the resulting hydrogenated oil 
occupies a smaller volume than the hydrogen and oil we start with, this result of Bergius is to be 
expected on theoretical grounds. 

6. An Adequate Intermingling and Mixing of the Hydrogen and the 
Oil. —It is obviously essential to mix the hydrogen and oil effectively by means of 
stirring gear or other devices. 

This need of mixing has probably been exaggerated in the patent literature. The hydrogen can 
only act by solution in the oil, and the nickel, once wetted by the oil, cannot come into contact 
with the gas except by solution; so that all that is needed is a gentle mixing of the contents. Very 
rapid diffusion also aids the action. Hence the large number of patents which describe complicated 
devices for bringing hydrogen and oil into intimate contact by violent agitation, or " atomisation,” 
are probably introducing needless elaboration into the plant necessary for successful treatment of oil 
with hydrogen. 
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It has been shown that the activity of the nickel catalyst depends upon:— 

1. The Purity of the Nickel.— For example, in preparing the nickel from nickel sulphate by 
precipitating as nickel carbonate by means of sodium carbonate, and then reducing the latter in 
nydrogen, it is absolutely essential to wash the nickel carbonate after precipitation until it is quite 
free from all traces of sulphate. Sulphur compounds affect the activity of the catalyst very badly, 
and consequently some authorities prefer to work with nickel nitrate, precipitating it as nickel 
hydroxide by caustic soda, washing, drying, and reducing. 

2. The Temperature of Reduction. —It is necessary for the nickel to be extremely finely, 
divided so as to be in a pyrophoric condition, i.e ., the metal spontaneously inflames on contact with 
air or oxygen. This condition is only attained by carrying out the reduction with hydrogen at as 
low a temperature as possible. Thus nickel oxide begins to reduce at 200° C. Reduction is 
incomplete below 270° C. The usual temperature employed is 300° to 320° C. Too high a tempera¬ 
ture of reduction (say 400° C.) converts the nickel into an almost inactive modification. Nickel 
carbonate is said to be sufficiently reduced at 230° C. (see Fuch’s patent, English Patent 11,542, 
1913), i.e., a lower temperature than is necessary with the oxide. 

Organic salts of nickel can be reduced at still lower temperatures (see Wimmer-Wiggins Patents; 
see English Patents, 25,326, 1911; 4,144* I 9 * 3 )» 

3. Protection from Oxidation. —The finely divided nickel after reduction must not be allowed 
to come into contact with air, otherwise it oxidises and becomes inactive. It is therefore either 
kept in an atmosphere of hydrogen until use, or else dropped into oil immediately after reduction, 
and kept in that way. In some processes the nickel carbonate is reduced in the oil itself. (See 
below.) 

4. Use of Nickel Carbonyl.— Shukoff (German Patent, 241,823, of 18th January 1910) employs 
an entirely different method of preparing the nickel catalyst. He passes nickel carbonyl (obtained 
by action of carbon monoxide on reduced nickel at a low temperature) into oil heated to 200° C. 

The nickel carbonyl is decomposed and metallic nickel is set free. Lessing’s process (see 
English Patent, 18,998, of 1912) uses this fact for his process of hydrogenation. 

5. Use of Carriers for Nickel.— In order to increase the catalytic effect of a given quantity of 
nickle a large number of patents have been taken out for the use of carriers. Thus, pumice, 
kieselguhr, asbestos, and other porous bodies are impregnated with nickel salt, and the whole reduced 
with hydrogen. 

Modern practice, however, has tended to diminish the use of these carriers. They aid filtering 
off the nickel. * 

Many proposals have been put forward for increasing tiie activity of the 
hydrogen used in reducing the fat. 

Thus Fuch (English Patent, 11,543, 1913) suggests 

X. Heating the hydrogen to 200° -250° C.—a higher temperature than that of the fat to be 
reduced. 

2. Dissociating the hydrogen into atoms by treating it with chemically active rays. 

3. Passing the heated hydrogen over a catalyst such as spongy platinum or freshly prepared 
nickel, which appears also to increase the chemical activity of the hydrogen. 

For use of electrical discharges, chemically active rays, etc., in increasing the activity of the 
reacting materials (see Utescber, British Patent, 20,061, 1912), where the use of mercury vapour 
lamps is suggested. In this connection see also Set fen Ztg. , 1913, p. 851; F. Gruner, French 
Patent, 453,664, 1913. In the latter patent oils and fats are subjected to the action of an electric 
current of very high tension and frequency. 50,000 to 100,000 volts are mentioned. Farmer and 
Parker {/oum. Amer. Chem. Soc. (1913), p. 1524) describe experiments on the effect of ultraviolet 
light on colloidal platinum. 

Use of other Metals than Nickel.— In addition to nickel and its compounds, colloidal 
platinum (Fokin, Willstatter), and palladium (Paul), copper and iron may be used. Palladium 
has been used industrially in amounts as small as yufo™ to tv^ovif °f the amount of fat (see Paul 
and Skita, German Patent, 230,724; Vtr. Chem . Wcrke, A.G., German Patent, 236,488, 1919$ 
British Patent, 18,642, 1911 ; palladium chloride (with rubber or gelatine as protecting colloid) 
is used. Reduction with platinum or palladium takes place at a lower temperature than when 
nickel is used. 

J Supply of Hydrogen for Hydrogenating Fats.—One ton of oleic acid 
requires about 79,000 litres (2,800 cubic feet) of hydrogen. One ton of Triolein 
the glycerine of oleic acid) requires 75,900 litres (2,680 cubic feet) of 
hydrogen. 

The production of hydrogen for this purpose is fully described in Martin's 
"Industrial Chemistry, Inorganic,” vol. I., to which the reader is referred for 
fuller details. 



HARDENING OF FATS 


\ooe 


It might be mentioned here that the hydrogen is mainly prepared by the following methods:— 

1. Electrolytic. —This method produces a very pure gas, but is too expensive to compete with 
the other processes except in countries like Norway, where water power is cheap, and where 
this process actually is the dominant method of producing hydrogen. 

2. Iron Sponge Steam Process. —Oxide of iron is reduced by means of water gas carefully 
purified from sulphur compounds. Steam is then passed over the heated reduced metal, yielding 
iron oxide and hydrogen. The oxide is again reduced by water gas. 

Lane's Plant (Lane of Ashford, Middlesex, England) is one of the best-known and successful 
plants for working this process. Maxted (Gas Developments, Ltd., Walsall, Birmingham) have 
modified this process so as to produce a gas as pure as electrolytic hydrogen but at less cost. 

3. -The Harger-Terry Process (see British Patent, 6,007, 1917) consists of impregnating 
impure hydrogen with the proper amount of electrolytic hydrogen and oxygen, and passing the re¬ 
sulting mixture over a suitable heated catalyst. The carbon monoxide, sulphur, and phosphorus 
compounds are oxidised, and absorbed by lime or alkali. The resulting hydrogen is ex¬ 
ceedingly pure. 

The Linde-Caro Process —Water gas is liquified and the hydrogen separated from the GO 
by fractional distillation. The gas used for hydrogenation consists of H=95-97 per cent, CO* 
2 per cent., rest = N. The pumping is done by a gas engine utilising the separated CO as fuel. 

The hydrogen used must be free from H 2 S, o. 1 per cent, being sufficient to destroy the catalytic 
activity of nickel. 

In 1913 the Linde Co.’s plants for producing H for the hardening of fats {Zeit. Attgew 
Chem. % 1913, 26, III. 814; see also Vol. II., “Industrial Hydrogen” yielded enough II to 
harden 100,000 tons of fat. 

Whale Oil is the chief oil subjected to hydrogenation, the world’s supply in 1912 amounting to 
1,200,000 barrels (42,000 tons). (See Offerdahl , Ber. deutsck . Pharm. Ges., 1913, 23, 558, who 
states that there is a factory in Norway capable of producing 4,500 tons of H by an electrolytic 
method, and of hardening 150 tons of whale oil per twenty-four hours.) 

Hardened whale oil melts at 40°-50 9 C., is devoid of taste and smell, and so is a valuable fat. 
Linseed oil is also largely hardened. 

Industrial Processes for Hardening Fat.— A very large number of 
processes have been described in the patent literature, but very few have proved 
technical successes. The reason is that considerable technical difficulties occur, 
especially in working on the large scale, and many of the patents describe processes 
in^which these difficulties have proved insuperable. 

Description of Processes. —Hydrogenation processes involving the use of 
nickel may be divided into three classes:— 

(1) Dry processes. 

(2) Wet processes. 

(3) Gaseous processes. 

1. Diy Processes. —In these the catalyst is produced by treating the oxide 
of nickel in a dry state with hydrogen gas at a temperature of about 300° C. 

The reduction of the nickel is attended with many difficulties. In the first place, in the furnace 
a stirring apparatus is required in order to mix the nickel oxide thoroughly with the hydrogen. 
Hence the employment of rotary drums, stirring autoclaves, etc., the heating of which presents 
several difficulties. Again the sensitiveness of the catalyst depends very largely upon the 
temperature. 

If the temperature is too high (400° C.), the nickel will pass from the catalytically active black 
form into the inactive gray modification. The lower the temperature of reduction the more active 
the nickel. But if the temperature of reduction is too low (/.*., below 250° C.) the reduction of the 
nickel is imperfect. 

Consequently the temperature of reduction has to be very carefully regulated, and this is a 
difficult matter to effectively control. 

The reduced nickel, also, is very chemically active, and if not protected from oxidation, will lose 
its catalytic power. Also the opening of the reducing apparatus may be dangerous, as the reduced 
nickel will take fire in air, and if hydrogen is present m sufficient quantity this may cause an 
explosion—as has actually occurred in practice. Hence before opening the apparatus the hydrogen 
must be swept out by an inert gas like carbon dioxide. 

The catalyst, when made, must also be employed under exactly defined 
conditions. 

Some workers consider that nickel reduced in the dry state is too compact to be used as such, 
and so they place it on special "supports,” such as clay, asbestos, etc. These materials obviously 
add to the difficulty of regenerating the nickel, and it has been stated that they may give to the fat 
an earthy taste and bad colour. Moreover, much fat is absorbed in their pores, the recovery of 
which is difficult 
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Finally, the catalyst is mixed with the mass of oil to be hardened, and while 
actively agitated hydrogen gas, under a pressure of 4 to 5 atmospheres, is heated 
to a suitable temperature, say 140° to 250° C. 

The following woiks have been stated to be using processes of this type:— 


P> cress, 
Normann - 


WlLBUSCHEWITSCH 


Carlton Ellis 
C. E. Kaysrr - 


Work r. 

* Germaniawerkc, Emmerich. 

Schichtwerke, Aussig. 

Jurgene, Ose. 

- Lever Bros., Port Sunlight. 

Bremen-Bersigbeimer, Oelfabriken. 

De No Fa, Fredriksstad. 

United Soap Works, Zwinndrecht. 

“Salolin,” Petrograd and Nischni-Novgorod. 

* Hydrogenated Oil Co., New York. 

Southern Cotton Oil Co., New Jersey and Georgia. 

* Procter Gamble Co., Cmcinatti. 



Fig. 294 —Dry Process for Hydrogenating Fats. (Normann.) (See p. 100/.) 

The following details give a rough outline of the methods employed in this 
process. Plant and autoclaves are sold by Lane (Ashford, Middlesex, England), 
and also by Maxted (Gas Developments Ltd., Walsall, near Birmingham, England) 
for these processes. 

Normann Processes. —The following is a brief account. For fuller details 
and descriptions of autoclaves, etc., see Geoffrey Martin, “ Oil, Fats and Waxes.” 

The fat to be hardened must contain less than 1 per cent, of free acids, otherwise nickel soaps 
will be formed, and nickel will appear in the refined fat. Hence before hardening the fat should 
be refined, as this will pay in the end. The fat must be dry. For this purpose it is run from a 
storage tank I into a vacuum heating pan 2, and is there heated until water is eliminated. It is 
then run down the pipe 3 and forced by the pump 4 up the pipe 5 into a heated autoclave 6. 
This autoclave is steam-heated, and is kept at a temperature of about 140° C. The pressure inside the 
autoclave is about 5 or 6 atmospheres. The interior is usually fitted with baffle plates and sometimes 
with stirring gear, so that the liquid in pouring down the interior of the autoclave is very intimately 
mixed with an ascending stream of hydrogen gas. The fat reaching the bottom of the apparatus is 
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pumped by 4 up the pipe 5 and in again at the top of the apparatus, so that a continual circulation 
of the fat is produced until the decree of hardening required is attained. 

The hydrogen gas is drawn into the apparatus through the pipe 9, and by means of the pump 
10 it is forced into the bottom of the apparatus, and passes up the autoclave against the descending 
stream of liquid fat, and is intimately mixed with it. The unabsorbed hydrogen collects at the top 
of the apparatus and then passes down the pipe 11, and once again is injected into the apparatus by 
the pump ia 



As the hydrogen is absorbed fresh supplies are passed in through the tube 9. 

The catalyst is supplied as follows:—Nickel carbonate (made from nickel sulphate) is placed in a 
furnace and calcined. It is then ignited in a stream of hydrogen gas, so that it is reduced to the 
state of a metal in a finely divided condition. While still hot, and in an atmosphere of hydrogen, 
the charge of nickel is quenched in oil contained in a receiver. The oil containing the proper 
charge of nickel is then pumped from the vessel 8 into the autoclave 6 through the pump 4. It thus 
mikes with the charge 01 fat, and supplies the correct amount of nickel for the charge. 

The hydrogenation proceeds rapidly, and is carried on until the iodine value sinks to about 60. 
It is important that the fat should not be too hard for edible purposes. The melting point of such 
fats should always be lower than that of the human body. 
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The nickel is usually recovered by running the fat out of the autoclave through partial coolers 12, 
so as to reduce its temperature somewhat (tn order to avoid damaging the filter cloths), and It is 
then pumped through a filter press 13, into the storage tank 14, and the finely divided nickel is 
recovered and either sold as such to nickel manufacturers, or else it can be worked up again into 
sulphate. 

The hydrogenation begins at about 140° C. with pure hydrogen, and the temperature then rises 
somewhat (the action being exothermic) up to 180 0 C. The lower the temperature is kept the better 
the resulting fat f or edible purposes. 

Geoffrey Martin’s Process. —A new principle for mixing and heating the 
oils was introduced by Geoffrey Martin in an English Patent applied for on the 
16th July 1918. In this apparatus all mixing gear, baffle plates, etc., are avoided 
in a very simple manner. The apparatus is shown in Fig. 29^, p. loog. 

The charge of oil (which may have been preheated to a suitable temperature) 
is placed in a reservoir 5, whence it flows down a series of tubes 6, 6, 6, which 
may be horizontally placed or vertically placed. These tubes are heated by a steam 
jacket (as is shown in the attached diagram). The oil flowing down the pipe 6 is 



Fig. 29*-.— Geoffrey Martin’s Continuous Oil Hydrogenation Process. (See p. 100/.) 

sucked in by the pump 4 and thrown up the pipe 3 back again into the reservoir 5, 
so that the oil is maintained in continual circulation through the reservoir and pipes. 

The heating of the oil is thus effected not in the reservoir 5 but by means of the 
steam jackets surrounding the pipes 6. As the pipes can be made of any length 
the heating of the oil can be made to take place very rapidly, and the temperature 
of the heated oil is regulated by a thermometer or thermoindicator in the pipe as 
shown. 

The mixing of the hydrogen with the oil is also effected in the pipes 6, 6, 6 as 
follows:—Projecting into the pipe 6,6,6 is a series of perforated pipes 7,7,7, closed, or 
partially closed, at each end. The hydrogen gas is forced by the pump 8 into these 
pipes through the pipe 9 until the requisite pressure of hydrogen is attained. The 
circulation of hydrogen in the apparatus is maintained by the pump jo which draws 
the gas from the top of the vessel 5 and forces it down the tube 9 and then into ttie 
tube 7, where the gas rushes out through the perforations into the descending oil, 
so that there is a continual circulation of oil going on in the one direction and a 
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stream of hydrogen passing up through the oil in the other. As the pipes are 
narrow the hydrogen and oil are very intimately mixed in the pipes, thus rendering 
unnecessary the use of baffle plates, stirring gear, and similar plant for the purpose. 

In asecond patent applied for on 27th November 1918 (19,567* 1918), Geoffrey Martin makes hi^ 
process continuous. The apparatus is shown in Fig. 29^ p. 100^. The oil to be hardened is pumped 
in a steady stream into a pre-heater 1, and then flows out in a carefully regulated stream through the 
tube 2. At the point a it meets the oil from the tank m, which oil is forced in through a force pump B. 
The oil in M is impregnated with catalyst, and consequently, the oil containing catalyst mixes with the 
larger volume of oil devoid of catalyst coming from the pre-heater 1, and the rate of flow of oil from m 
and from the pre-heater 1 is so regulated that proper amounts of catalyst are introduced into the oil so 
as to cause hydrogenation to take place properly. The oil now mixed with catalyst is pumped by means 
of c up the tube 3 into a reservoir 5, and continuously flows down a series of tubes 6,6, 0, which may 
be of very considerable length, and which are heated externally by steam, hot air, or other heating 



medium. Inserted into each of the tubes 6,6,6 is a series of perforated pipes 7,7, 7, through which 
the hydrogen is forced, and which churns up and mixes with the oil as it flows down the tubes as 
described in the previous patent. The oil, by the time it has passed through all the tubes and 
has reached the outlet D, is hardened sufficiently, and passes away through the cooler e, and then 
is forced through a pump f to a filter-press g or other arrangement for removing the catalyst. 
From G it passes to the storage tanks. The rate at which the oil is hardened depends upon the 
length of tne pipes 6, 6, 6, through which it passes, and the quantity of hydrogen gas it meets in 
passing down the pipes. Also the purity of the hydrogen and the sensitiveness of the catalyst are 
important factors. Consequently, by making the passage through the pipes 6, 6, 6 sufficiently long, 
ana causing it to meet a sufficient quantity of hydrogen during its passage, the oil emerging at E 
can be hardened to any required degree. 

The advantages of a continuous countercurrent process are obvious. In ordinary processes 
large masses of oil, weighing a ton or more, are treated in batches in massive autoclaves, whereas 
in the present process the oil is fed in a thin stream through long tubes, without at any moment 
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°b a mass keing under treatment. Thus danger of explosion or fire are largely 


The Kayser Process (United States Patent, 1,004,035, 1911) consists in 
mechanically agitating the oil and catalyst in presence of hydrogen under pressure. 
The apparatus described in the patent is shown in Fig. 29 d, p. 100/. 



A horizontal jacketed drum is closed by stuffing-boxes at each end, and contains working paddles 
covered by gauze. A pump a draws hydrogen from a three-way valve B and passes it through c 
into the vessel. The vessel is one-fourth to one-fifth full of oil and catalyst. Unabsorbed hydrogen 
is blown off at D. The oil is run out at E. The temperature of hydrogenation is 150* C. to i6cr C. 
Kieselghur is suggested as a carrier for the catalytic nickel (United States Patent, x ,008,474,191 x. j 


Fig. 29*.—Wilbuschewitsch Process for Hydrogenation of Oils. (See p. root.) 





































HARDENING OF FATS 


■ioo.i 


Wilbuschewitsch Process (see United States Patent, 1,079,278, 1913; also 
U.S. Patent, 1,024,758 of 1912; English Patents, 15,440, 19” i 7 2 > I 9 12 )* The 
apparatus is shown in Fig. 29c, p. 100/ / 

The vessel r contains the fat to be: treated, and the vessel o contains the 
catalyst. Pumps aa' feed the oil and catalyst into a mixing device b, by which an 



intimate spray of catalyst and oil is obtained. The mixture passes through a pipe 
o and a valve h into an autoclave j v which is furnished with a spraying device Cj 
which consists of a number of nozzles so arranged that the oil and catalyst are 
uniformly sprayed into the whole inner space of the autoclave. A compressor K 
forces hydrogen into the autoclave under a pressure of nine atmospheres, the 
hydrogen passes through a pipe x, which extends from the upper part of the 
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autoclave downward to its lower end, and terminates in an admission nozzle i>j. 
By this spraying system an intimate contact of oil and hydrogen on the counter 
current principle takes place. The autoclave is heated to ioo° to 160'' C. The 
partially hydrogenated oil collects in the conical part of the autoclave, and is 
sprayed in the form of a fountain through the autoclave by the incoming hydrogen. 
The oil from the first autoclave ^ is forced by a pump e* into the second autoclave 
j 2 , the hydrogen entering through the pipe j 2 , and the actions occurring in the first 
autoclave are repeated. 

Several autoclaves can be arranged in series in this way. When the fat is 
sufficiently hardened (determined by withdrawing a sample and determining the 
melting point or iodine value) the oil and catalyst mixture is run out through the 
valve u into the centrifugal apparatus f, where the oil is separated from the 
catalyst. The clear oil runs into the tank n, while the catalyst passes through the 
pipe R, and the valves s and t to the vessels o and p. Spent catalyst is run into 
the tank p to be regenerated. Fresh catalyst is introduced through the valve T. 
Unabsorbed hydrogen passes through the check valve w and the pipe Q and 
cooling worm l into a washing vessel m filled with caustic soda lye, where it is 
purified and passed on to the compressor and autoclaves. 

Testrup’s Apparatus (English Patent, 7,726, 1910) is also based on a 
spraying system. The apparatus is shown in Fig. 29/ p. 100k, It consists of a 
series of closed autoclaves g, o , j, /, in which oil and catalyst are sprayed in series 
into hydrogen gas at a continually decreasing pressure. 

Thus in g the oil, heated to 160° to 170° C., is subjected to hydrogen at 15 
atmospheres pressure. In o the hydrogen is at 12 atmospheres pressure. This 
difference in pressure causes the oil to spray from g into o. s has a hydrogen 
pressure of 9 atmospheres, and, consequently, oil sprays from 0 into s . The oil 
and catalyst are thus sprayed several times into gas at successive lower pressures. 
The oil enters by the pipe / and the hydrogen by k; n is a reducing valve for 
regulating the pressure of the gas in the next autoclave; h shows heating tubes for 
superheated steam ; / is the pipe carrying the oil to the spray nozzle p. The oil is 
pre-heated to 160° C. in the vessel a which is provided with stirring arms. 1 is the 
storage tank for the oil, while u* is the filter press for removing catalyst from the 
treated oil; y is the treated oil tank. 

It should be noted that both Wilbuschewitsch and Tcstrup’s system refer to the “spraying” 
or “atomisation” of the oil into the hydrogen. A number of patents exist, the object of which is to 
bring the catalysts, oil, and hydrogen into intimate contact. Yet all that is apparently needed is a 
gentle mixing of the contents, as very rapid diffusion takes place. 

Ellis (U.S. Patents, 1,026,156, 1912; 1,052,469, 1913; 1,040,531, 1912; also 
British Patents, 24,084, 1912; 16,782, 1913; 16,600, 1914) uses tubes filled with 
catalysing material in granular form, and allows the oil to flow through the tubes 
in one direction while passing the hydrogen in an opposite direction. 

Fig. 29^, p. 100;//, shows a vertical type of apparatus. The catalyser being shown at c in the 
tube a. Oil enters by the pipe o and passes into the tube or cylinder A. The pump p causes 
the oil to circulate from the top to the bottom of the apparatus through the pipe B. Hydrogen 
gas admitted at H is pumped to the bottom of the cylinder a, and the excess is withdrawn at the 
top by the pipe D, passing through the drier E and back into the treating cylinder. In another 
form of apparatus Ellis arranges the catalyser in beds or trays, instead of in a bed of considerable 
depth. See United States Patent, 1,040,531, 1912. 

Calvert (English Patent, 18,350, 1913) mixes the oil and gas by means of a 
rotary stirrer driven by an electric motor contained in the autoclave itself, and 
under a hydrogen pressure equal to that at which the reaction is carried out. 

2, Wet Processes. —In these processes the catalyser is generated in, and 
not without, the oil to be hardened. A compound of nickel is introduced into 
the oil (or part of the oil) to be hardened, and the whole is heated while a stream 
of hydrogen is passed through. The nickel is thus produced in situ . 
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Three processes have been worked on a large scale:— 

i. The Bedford-Erdmann Process (see English Patents, 2,520, 1907; 
29,612, 1910; 27,718, T912; 28,9tSr, 1912; United States Patent, 949 > 954 > 1910; 
German Patents, 211,669, 1907; 221,890, 1909).—Nickel oxide is introduced into 
the oil, which is heated to 255°-26o° C. Hydrogen gas is then passed through, 
which reduces the oxide to the metallic state with the liberation of water (see 
United States Patent, 1,026,339, 1912). 

The disadvantage of the use of nickel oxide is the high temperature that it is necessary to employ 
in order to cause reduction, this temperature being close to the temperature of decomposition of 
the fat. A partially decomposed fat causes a had colour and taste in the hydrogenated oil. 

Erdmann introduced certain improvements into this process, producing the 
oxide by special processes. The oxide, for example, is produced from the nitrate 
instead of from the sulphate (see Si (fen. Ztg., 1913, 1413; also German Patent, 
211,669, 1907). 



Fig. 29^.—Ellin's Process for Hydrogenation of Oil. (See p. ioo 4 ) 


A small factory was erected at Sleaford, England. A company, called the “Ardol Co., of 
Selby,” is stated to be wdrking the process. In Germany the “ Ammendorfer Oelhartungswerke ” 
is stated to have adopted the process. 

2. Wimmer-Higgins Process (see English Patents, 25,326, 18,282, 1912; 
23,377, 19x2 ; 4,144, 1913; 4,665, 1914; also United States Patent, 1,081,182, 
1913.)—Here the nickle is introduced into the oil in the form of salts of organic 
acids like formic, oxalic, or lactic acids. 

These salts are much more easily reducible than oxide of nickel, so that over¬ 
heating is avoided. 

It has been objected, however, that on heating carbon monoxide is split off (which "acts as 
a catalytic poison), and that the organic acids are liberated, which attack the apparatus. In 
Germany a company to work the process has been formed called the “ Fettrafinerie, A. G., 
Bremen und Brake.” 

3- Process of the Norsk Hyderings Company (see English Patent, 
11,54°, 1913; 11,543, 1913)- In this process nickel carbonate is the # salt of 
nickel employed, which is reduced in oil at a lower temperature than the oxidej 
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and is stated to be free from the defects of the Wimmer-Higgins process. The 
company hold Fuch’s patents. 

The process of reduction is thus described in Fuch’s patent, No. n 542, 

1913:— 

“ i t ooo (one thousand) kilograms of castor oil are mixed with 1.2 per cent, of finely*powdered 
and freshly-prepared nickel carbonate previously dried at uo° C., ana the mixture is then heated 
to 230" C., whilst a current of hydrogen is slowly allowed to pass through the same; as soon as 
this temperature of 230° C. is attained, highly-compressed hydrogen (say from 12 to 15 atmospheres) 
is admitted into the mixture through a capillary nozzle. The reduction of the salt to metallic 
nickel takes place under the well-known characteristic phenomena, namely, with slight frothing 
due to the formation of water. As soon as this operation is completed, the temperature is lowered, 
and the reduction of the oil carried out as an uninterrupted continuation of the preceding operation. ” 

In a second patent of Fuch’s, No. 11,543, 1913, held by the company, the 
following conditions are laid down for increasing the speed of the hydrogenation :— 

“An essential increase of the speed of the reaction is obtained by maintaining the oils under 
treatment at a moderate temperature of from 90° to 150° C., while the reducing gas is heated to 
a higher temperature, namely, say from 200° to 250° C. 

“The avoidance of a too high heating of the mass itself has a favoutable influence upon the 
final product, whereas the heating of the reducing agent appears to produce an increase of its 
activity. Comparative experiments have shown that by these means the speed of the reaction 
can be increased to the extent of over 10 per cent. 

“Care must be taken to increase the efficiency of the reducing gas by a preceding splitting 
of its molecules into atoms. This can be done by subjecting the gis to chemically active rays. 
A dissociation of the hydrogen also appears to take place when it is conveyed over catalytically 
acting substances, such, for example, as spongy platinum or freshly-prepared metallic nickel. The 
dissociated hydrogen possesses, as has been proved by comparative experiments, an increase 
of activity of from 15 to 20 per cent. The catalytic substance can be located within a suitably 
long pipe or upon trays of a column apparatus, and the necessary heating may be effected by way 
of example by means of a heated oil casing.” 

This process is worked on a very large scale by the following companies :— 

Norway. —The Vera Fedtraffineri A.S., Sandefjord. Capacity, 16,000 tons per year. Edible 
and industrial fats. 

Sweden. —Aktiebolaget Henriksborgs Fabriker, Stockholm. Capacity, 10,000 tons per year. 
For hardening vegetable oils for industrial and edible hard fats. 

Denmark. —A.S. Oliehaerdningsfabriken, Kjobenhavn. Capacity, 8,000 tons. Edible fats 
from Soja bean oil. 

Holland. —Jan Dekker, Wormerver. Capacity, 4,000 tons. 

Belgium.— De Bruyn, Ltd., Termonde. 10,000 tons. Edible fats. 

France.—Societe de Stearinnerie et Savonnerie de Lyon. 8,000 tons. For candle and soap 
manufacture. 

Italy. —“Corisoleum” Societa Italiana per l’lndustria degli Olii, Mira. 16,000 tons. For 
candles, soaps, and edible fats. 

Germany. —Centra A.G., Krischwitz Elbe. 20,000 tons for candles, soaps, and edible fats. 

Roumania.— Phenix Societate Anonima Romana, Bucharest. 4,000 tons for edible fats. 

(3) Gaseous Processes. —In these the nickel is passed into the oil in the 
form of an unstable gaseous compound, namely, nickel carbonyl. 

This is decomposed in the oil, depositing the nickel, and liberating the carbon 
monoxide. 

ShukoiT (see German Patent, 241,823, Jan. 18, 1910. Also H. Kamps, 
Belgian Patent, 246,975. United States Patents, 738,303, 777,848, 943,627) 
seems to have been the first to have claimed the process of hydrogenating oils by 
means of nickel derived from the decomposition of nickel carbonyl. 

The carbonyl is obtained from reduced nickel by passing carbon monoxide 
over it at a low temperature. The carbonyl is soluble in oil, and when the solution 
is heated to 200° C., the nickel is set free and can be used as a catalyser. 

It is stated by some authorities, however, that the carbon monoxide acts as a 
catalytic poison for the nickel. 

Lessing (British Patent, 18,998, 1912) has worked out a process for the 
hydrogenation of oils by the use of nickel carbonyl, and a company has been foriped 
to work it, namely, the Hydronyl Syndicate, Ltd, 140 Leadenhall Street, London. 

The # system is worked on the counter current principle. A gas composed of 
hydrogen and a small amount of carbon monoxide is passed over nickel contained 
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in a container and heated to a suitable temperature. The carbon monoxide takes 
up the nickel, and the gas then passes into the heated oil. The nickel carbonyl 
decomposes in the oil, setting free the nickel in a nascent condition. The 
hydrogen present then acts in the presence of this catalytic nickel, and hydro- 
genises the oil. The presence of carbon monoxide is stated not to poison the 
nickel to such an extent as to stop the rapid action of the nickel, because the nickel 
is liberated in an atomic condition, and acts so rapidly in this condition in the 
presence of excess of hydrogen that the poisoning or slowing effect of the carbon 
monoxide on the nickel does not have practical results. 

In Lessing’s process only ordinary atmospheric pressures need be used, and & temperature of 
from i6o°*200° C. is required to decompose the nickel carbonyl passing through the oil. A 
maximum amount of o. I per cent, metallic nickel is used. The nickel may be recovered from the 
oil either by filter-pressing or centrifuging in suitable apparatus. 

In the ordinary processes of oil hardening the nickel catalyst must be recovered by dissolving in 
sulphuric acid (or other acid), making into nickel sulphate (or other suitable salt), then pre¬ 
cipitating as carbonate and reducing again. In the Lessing process, however, this procedure is 
avoided by returning the spent nickel catalyst into a heated cylinder, and passing carbon monoxide 
over it. The carbon monoxide picks up the nickel, and the nickel containing gases passes once 
more into the heated oil. The process can be worked continuously, oil travelling in one direction 
and the gases in the other. The carbon monoxide can be recovered and used over and over again. 

Uses of Hardened Fats. —The process of hardening fats has now become 
of great industrial importance, because so much of the natural supply of hard fats 
is now employed in the making of margarine and other foodstuffs that the amount 
of such fats available for soap-boiling and candle-making has seriously diminished. 

Hydrogenated and hardened fats are at present used largely for soap-making 
(see English Patent, 13,042, 1907.) Although the soaps produced are hard and 
do not lather well, this difficulty could be got over by mixing the hardened fat with 
a suitable amount of another fat which would give the necessary qualities to the 
soap. 

The soap made from hardened fat is stated to give satisfactory results with a much larger 
percentage of resin than can be used in soap made from tallow or palm oil. 

By subjecting fish oils and other unsaturated glycerides to hydrogenation, their 
unpleasant smell is completely removed, and this makes the process particularly 
valuable, this de-odorising effect, however, is only obtained if the hydrogena¬ 
tion is carried out nearly to completion. 

Hardened fish oils must have their iodine value reduced to under 50 if they 
are to yield a suitable washing soap, devoid of all smell of fish oil. 

Consequently, it is not possible to de odorise an oil by this process without hardening it, so that 
the process has little value for the makers of soft soap and others users of liquid oils. 

Hardened cotton-seed oil and hardened whale oil are used for edible 
purposes, and no doubt the use of hardened fats in this respect will greatly 
increase in the future. They form excellent frying fats, and are now used in 
increasing quantities in the manufacture of margarine. 

•No difference between the digestibility of hardened fats as compared to those 
of natural fats has been found. Obviously, a hardened edible fat should melt 
below the temperature of the body in order to obviate indigestibility. 

Hardened fats differ from natural fats in that they appear to be more easily saponified by alkalies. 

Leimdorfer ( Scifensieder Zlg., 1913, 40, 1317) suggests that hardened “stearin ” is an allotropic 
modification of the natural glyceride. 

Hardened oils are stated to have been used in the manufacture of chocolate 
instead of the expensive cocoa butter. They have also been used for lubricating 
purposes. In the tanning industry stearin, produced by hydrogenation, has been 
employed instead of oleo-stearin. 

Nickel in Hardened Fats. —An oil hardened by a process, which includes 
Ni as a catalyst, may contain 0*5 to 2 mg. Ni per kilo., and possibly dele¬ 
terious effects might arise from the unlimited consumption of such oil. Normann 
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and Hiigel ( Halbmonatsschrift fiir Afargarinindustrie, 1913, VI., No. 17) showed 
that this quantity of Ni is often contained in foodstuffs prepared in nickel vessels, 
which have had no injurious effects on persons who have consumed them. Feeding 
trials with commercially hardened oils containing from 0*07 to 6 mg. of nickel per 
kilo, have been carried out without ill effects ensuing (see Lehmann Chem . Zeit., 

1914.381798). 

Prall has found that Nickel is found in fats only in traces, and then only when the oils used 
contain considerable amounts of free acid. 

Sesame oil with 2*58 per cent, acid gave a hardened oil with o*od 5 per cent, nickel oxide 
(Ni 2 0 8 ); a whale oil with 061 per cent, free acid contained 0-0045 nickel oxide in the hardened 
fat; with only o«2 per cent, free acid in the original oil, n> nickel could be detected in ihe 
hardened product. Bower states neutral oils do not take up nickel {Z. Nahr . w. Genussm, 
1912, 104). 

Testing for Hardened Oils. —The only reliable test is the presence of 
nickel in the oils. 

To detect nickel, 5-10 gms. of fat (still better 2\ lbs. [1 kilo.] in cases where the amount of 
nickel is very small) are warmed half an hour on a water bath, with an equal volume of concentrated, 
hydrochloric acid, shaking frequently; after filtering through a moistened filter, the filtrate is 
evaporated in a porcelain dish. 

The residue gives ( Fortin Client. Ztg., 36, 1,461 (1912)), when nickel is present, on touching 
with a drop of I per cent, alcoholic dimethyl glyoxime solution, a red coloration, which becomes 
more pronounced when ammonia solution is added. If the acid extract is itself coloured, it must 
be boiled with animal charcoal, and filtered. 

Kerr (J* Ind. and Eng. Chem., 1914, 207) ashes 10-20 gms. of hardened fat, 
dissolves the ash in HC 1 , evaporates to dryness, and ignites to free from organic 
matter, transfers to a tall 50 c.c. cylinder, and moistens with a few c.c. of distilled 
water. Then 50 c.c. of standard dimethyl glyoxime (5 gms. dissolved in 50 c.c. 
absolute alcohol, and made up to 100 c.c. with concentrated aqueous ammonia, and 
kept in well-stoppered bottle) are added. The presence of nickel is shown by a 
red coloration or precipitate. The tint is compared with that produced under 
same conditions with a nickel solution of known strength. 

Edible fat must not contain more than 0-05 mg. of nickel per kilo. 

The introduction of hardened fats has rendered doubtful of interpretation many 
of the standard tests used for specific oils. 

The following points are of importance in this connection:— 

1. The Iodine Value.—This is the most important value, as it gives the degree of hydrogena. 
tion of the oils. For methods of carrying out, see under Analysis of Oils . 

2. The distinctive aromatic alcohols, Phytosterol and Cholesterol , are unaffected by hydrogenation , 
so that after hydrogenation it is still possible to ascertain whether an oil is of animal or vegetable 
origin. (See under Analysis of Oils. ) 

3. Most of the tests for individual oils are destroyed, because the process of hydrogenation 
destroys the substances giving rise to these tests. Thus the Baudouin 'Pest for Sesam£ Oil (red 
colour when oil is shaken with cold hydrochloric acid and sugar) is rendered almost useless. The 
same applies to the Halphen Test for Cottonseed Oil (orange-red coloration when oil is heated with 
an equal volume of amyl alcohol and carbon disulphide (1 : 1), the latter containing I per cent, free 
sulphur). The test is rendered more sensitive if pyridine is substituted for amyl alcohol, and a 
closed tube used for the test. (See Gastaldi, Chem. Zeit. 1912, 2, 758.) 

3. Hardened Fish Oils and Whale Oil are said to contain arachidic and behenic acids — 
which are the characteristic acids of Arachis Oil. Hence an oil adulterated with hydrogenated 
fish oils would be difficult to distinguish from Arachis Oil by the Bellier Test (fractionating the lead 
salts of the fatty acids by treating with 70 per cent, alcohol). 

4. The process of hydrogenation does not effect to any great extent the saponification value of 
the oils thus treated. The Acetyl value, however, is usually lowered, owing to the splitting off of 
hydroxyl groups (Normann and Iliigel, Chem. Zeit., 1913, 37,815). Thus it would be difficult to 
detect castor oil when fully hydrogenated by the saponification value and acetyl value. 
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Leyvkowitscii, “Oils, Fats, and Waxes,” and Wright and Mitchell, “Oils, Fats, 
and Waxes,” give excellent summaries of soap-making. 

Soaps are the metallic salts of fatty acids. The sodium and potassium salts of 
the fatty acids are soluble in water and constitute our ordinary “ hard ” and “ soft ” 
washing soaps respectively—although to-day certain sodium salts are manufactured 
which are quite soft, while certain potassium soaps possess a considerable degree of 
hardness, so that the old distinction between these classes of soap no longer holds 
accurately. 

The soaps of other metals, e.g. t calcium, aluminium, magnesium, etc., are all 
insoluble in water, and so are quite useless for detergent purposes. Aluminium 
soaps (made by adding saponified linseed or cotton-seed oil to a solution of alum) 
are, however, used to impregnate waterproof material and to thicken oils; while lead 
and manganese soaps are used in varnish making (which see). 

We may classify the processes employed in soap manufacture under three 
heads:— 

1. Soap-making processes where glycerol is set free and separated from the 

resulting soap . 

2. Soap-making processes where glycerol is set free, but is not separated from the 

resulting soap . 

3. Direct neutralisation of fatty acids with alkalis , no glycerol being produced\ 

We will consider each in turn. 

Soap-making Processes where Glycerol is set free and 
separated from the resulting Soap 

When the natural oils or fats are boiled with caustic soda they are decomposed 
according to the equation:— 

C 3 H a (O.CO.R) 3 + 3NaOH » C 3 I-I a (OH) 3 + 3R.COONa 

Fat. Caustic Glycerol. Soap, 

soda. 

The glycerol is recovered from the liquid which settles out below the 
soap. 

This i$ the process employed on the largest scale at the present time. Measured 
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Fig. 30.—Soap Kettle, shotting closed and 
open steam pipes, sw i\ el-jom outlet 
pi pe, and outlet valve. 

(Bro\vn& Fatteison, New York.) 


amounts of oils and fats are run into a 
large cylindrical vessel, called a soap kettle, 
varying in diameter from 5-25 ft, and in 
depth from 8-30 ft., and fitted with an open 
steam coil for heating the contents, and a 3-in. 
outlet valve at the bottom for running off the 
lye. At the side is an outlet pipe of 3 4 in. 
diameter connected with a swing joint and a 
3-in. cock, for transferring soap to the mixer 
or “ Crutcher. ’ 

The proper amount of oil having been in¬ 
troduced, a dilute solution of caustic soda 
“l>e” of 15 0 Be. is run in from the l>e tank, 
steam is turned on, and the whole is vigorously 
boiled. As the caustic soda is taken up by 
the fat, moie and more is added, care being 
taken, however, not to add it too quickly, for 
if present in excess it will retard the saponi¬ 
fication. An excess of caustic soda, however, 
is required for the completion of the 
saponification. 

The saponification takes place in three 
stages. 


First an emulsion is formed, ovwng to the change 

cir, o(C 18 ii,,o) cii 2 .oii 

I I 

CH. 0 .(C 18 1 Ij., 0 ) + sNaOII = CH.O(C ]8 ll „ 0 ) + C 18 1 I ,OONi 1 2NaOH 


CII 2 0 (CmII^O) 

1 allow (tristeann) 


( If„ 0 .(C 1H II „iO) 

Disttarin. 


Soap. 


Next a past) mass is produced when the change has gone one -tage fuithcr .— 
CH a O!I CI^OII 


CII. 0 .(C 18 H J5 0 ) -} 2NaOII = C 11.011 


UI/MCVI^O) 

Distcarin. 


Cll„. 0 .(C la H , 0 ) 

M onosleurin. 


+ tVH^OONa + Kaon 
Socp 


hinally a clear homogeneous miss appears in the kettle, which leprescnts the complete 
saponification :— 

ClI.OIl CII..OII 

1 “ 1 

CII.OII + NaOH = CH.OII + (VC-OONa 

ill, 0 (C„H m O) C 11,011 

1 risteann. Gljcerol Soap. 

In the clear mass there is present at this stage: soap, gl>cerol, some caustic 
soda in excess, some salt, sodium carbonate and sulphate (impurities in the caustic 
soda), and any unchanged animal tissue present in the fat. If saponification has 
been properly completed there should be no free or unsaponified fat. 

Dry salt is now shovelled into the mass and scattered over the surface. Soap 
is but feebly soluble in a solution of brine, and so it separates out into a layer of 
soap above and glycerol water and excess lye below. The process is known as 
“ graining ” or “ cutting ” the soap. 

A tallow or cotton-seed soap stock will be satisfactorily grained with 7*19 P er cent, of salt in tb t 
stock !)e. Cocoa-nut oil soap requires much more. 

After each addition of salt the mass is well boiled up in the kettle, and the 
appearance of the soap noted. As water is withdrawn from the soap to dissolve 
the dry salt it loses its transparency and assumes a u grain-like ” appearance* Finally 
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the neutral lye separates out below and the soap above. The addition of salt is l 
now discontinued, and the contents of the kettle well boiled in order to intimately j 
mix the lye. 

Finally steam is turned off, and the lye allowed to settle out. The time required 
for this depends upon the size of the soap kettle. Sometimes two hours are sufficient, 
but usually the whole day is taken up in saponifying, and the lye allowed to separate { 
overnight. The neutral lye is then run off at the bottom of the soap kettle, and is 
either pumped to the glycerol refinery, or stored until convenient for using. The 
curdy soap remaining in the kettle is again boiled up with water to form a homo¬ 
geneous paste (“ closed ”), a strengthening charge of caustic soda is added, and the 
boiling continued, to ensure complete saponification, and at the same time to wash 
out impurity from the soap, for much colour is discharged into the alkaline lye. 
Finally, the lye is again separated by graining with salt as above described. This 
is known as the “ pickle change.” 

Sometimes the soap is again treated in the same manner in order to remove 
impurities which spoil its colour—the impurities being discharged each time with 
the lye. 

If the soap is to contain rosin, the “strengthening charge” of caustic soda is omitted and the 
rosin is added after withdrawing the second lot of lye. The rosin is added in fragments smaller than 
a man’s hand, live steam being passed simultaneously through the grained soap. If added by hand, 
the addition of rosin continues over several hours, during which time only sufficient steam is needed 
to keep the soap hot and slowly melt the rosin. When all the rosin is added a considerable amount 
of lye at 20° Be. is run in and the mass vigorously boiled. Rapid combination ensues, and lye is 
added as required in order to* prevent the soap from “closing” (/>., forming a homogeneous mass 
with the lye). Indeed, the soap must be kept “open” (*.*., separated in a distinct layer from the 
lye) by the addition, if necessary, of more 20° Be. lye, and when no more of this is absorbed, with 
dry salt. With the soap “ open ” (separated from the lye) combination with alkali with rosin (an 
acid body) takes place rapidly, and an easy discharge of colouring matter into the waste lye beneath 
occurs. When the change is completed the highly coloured and impure lye (which contains practi¬ 
cally no glycerol since this has been removed with the lye of the two previous operations) is run away 
down the sewer. Then sufficient water is added, with boiling, so as to just “ close” the soap (*.*., 
make it into a homogeneous paste with the lye), and then a strengthening charge of 20° Be. is added, 
with boiling, until the soap is again “opened” (*.*., separated as a layer from the lye), the lye 
being added as fast as it is absorbed. 

When the absorption ceases, the saponification is completed, and the whole is boiled. If the 
soap tends to “ close,” brine from io° Be. to 20° Be. (according as the soap is thick or thin) is added. 
The lye separating should be alkaline (“ strength lye”). After turning off steam the lye is allowed 
to settle out overnight, withdrawn, and (since it contains free caustic soda) used for treating another 
lot of stock, or added to the grained nigre or stock change of other boilings, where it assists in the 
saponification of fresh stock. 

The soap must now be “ fitted,” brought to the condition of finished soap. 
To do this, the strengthening lye is withdrawn, and the open soap is boiled up with 
water until the whole forms a homogeneous paste. Additions of water are now * 
made very carefully, each addition of water being followed by a thorough boiling, 
and its effect noticed. The art of the soapmaker consists in so adjusting operations 
that the soap contains just the proper amount of water, and yet is still “open” 
enough to allow the intermingled aqueous solution and impurities (principally iron 
salts of fatty acids) to settle out. 

Addition of water should cease when the soap boils tip regularly with but little 
steam, and rolls over a stiff surface, breaking into saucer-like depressions which 
retain their firmness and transparency from the centre to the circumference of the 
kettle. Much experience is required to produce the proper degree of hydration. 

Soft-bodied stock (grease, cotton-seed oil, heavily rosined tallow) and firm stock (tallow and 
cocoa-nut oil) for unfilled soaps such as Castile, floating soap, and milled soap base, require but 
little water, whereas soap intended to be filled with soda-ash solution, or tallow soap slightly 
rosined, require much water. 

If the soap is to be quite neutral, a little cocoa-nut oil may be added towards the close and well 
boiled through. This effectively neutralises the free alkali, and greatly improves the finished soap. 
Sometimes “oleic acid” (red oil) or melted stearic add is added for the same purpose. 

. When brought to the proper degree of hydration, the mass is allowed to settle 
for some days, when there is found at the bottom of the pan a very small amount 
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of alkaline solution, above which rests a layer of dark soap called “nigre,” and 
above this rests the bulk of the finished soap (“neat soap”), covered on the top 
by a thin layer of solidified soap in a spongy condition, owing to air bubbles 



Fir.. 31 —Soap Frame, with Chmp (Rost & Co., Dresden ) 


which have risen from below during the settling process. r l he “nigre” owes 
its dark colour to metallic soaps—usuall) iron ones—and contains caustic soda 
and excess of salt. Its volume varies between 25-35 P er cent. of the mass. The 



Fig. 32.—Soap Slabber. (IIouchin-Aihen, New York.) 


“neat” soap above the nigre should be practically neutral The line of demarca¬ 
tion betwreen the good soap and nigre is sharply defined. 

If the soap is to be used pure, the “neat” soap is run directly whilst warm into 
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soap frames. These are iron plate. boxes on a wooden base mounted on wheels, 
with detachable sides, and capable of holding from 12-15 of soap. 

In some cases fiamcs aio made ns high as 72 in. ; the reasons for this aie obvious. Theie arc 
tops and bottoms in every case, and whether the fiame is 30 in. or 72 in. high, the tops and bottoms 
are exactly the same thickness, and consequently much more remelting has to be done foi the 
amount ot soap turned out fiom a low frame than trom a high one. 

On cooling, the soap in the frame hardens and solidifies; the iron sides are 
then detached and the solid block of soap cut first into slabs either by a workman 
drawing a pianoforte wire through the block at intervals, or, more rapidly, by 
means of a machine called a “slabber.” 

When slnbs of uniform thickness aie lequired, a skibber such as that illustrated is usually used. 
Hut where slabs of \aiious thicknesses aie lequired, either a simple pianoforte wire, or still better, 
a hand machine, is used for cutting one slab at a time. 

The slabs of soap are then cut into bars by placing in another machine in 
which a number of parallel wires attached to a movable frame are forced simul¬ 
taneously through the slabbed soap, thus cutting it into pieces usually weighing 3 lbs. 



Flo. 32a.—Ear-Cutting Machine. (Kost Co., Dresden.) 


Sometimes the bars of soap tints produced aie stamped into cakes in special presses. This is 
always done with toilet soaps (which sec). Fig. 35, p. in, shows a typical hand press. 

If, however, the soap is intended to be “filled? />., mixed with excess of 
sodium carbonate solution or with sodium ‘silicate—substances much used in 
producing the cheaper sorts of soap, and having themselves considerable detergent 
qualities—or if perfumes and colouring matters are to be mixed with the soap, 
then the soap is first run into a mixing machine (called a “crutcher”) and is there 
incorporated with the necessary materials by means of mechanical stirrers or screws 
(Fig. 33). After “ crutching ” for a sufficient time (sometimes with artificial heating in 
a steam jacket with which most crutchers are provided), the soap is finally run out 
into frames placed below the crutcher, and then the framed soap is cooled into 
blocks, slabbed, and the slabs cut into smaller pieces in cutting machines as 
previously described. 

Since these frames, when filled with soap, often weigh consul era bh over half a ton, the floor of 
tne factory should 1* of iron plate *y to J in. thick, in order to avoid splintering the woodwork, and 
to facilitate the running of the heavy frames from one part of the works, to another. Concrete floors 
are not advisable as they soon break up. Fig. 34 shows a conventional view of a soap factory. 
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The “nigre” or impure soap remaining behind m the soap kettle after the 
“neat” soap is lun off is boiled up with steam and grained by throwing in dry 
salt and boiling. On settling, the lye underneath is run into the sewer while the 
nigre is utilised for adding to other soap stock, or used as a base for nulled soap 
or floating soap. 



Fig* 34.—Conventional View of a Soap Factory, showing the course of manufacture from the Soap 

Kettle to the Pressed Tablet* 














































Water trough for Outlet Wale 





Inlet for cooling water £6 6 6 

Fig. 34A. —Section (diagrammatic) of Soap*Cooling Machine. 
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Replacement of Soap Frames by Soap-Cooling Machines 

The great disadvantage of soap frames is that four or five .days must elapse 
before the soap is cooled sufficiently to be cut up fnto bars. Also, they occupy 
a very large space in the factory. Machines are now on the market whereby two 
tons of soap may be run at once into special cooling machines, and the soap cooled 
by a stream of running water within one to one and a half hours. So that a pair 
of these machines working alternately will, in a working day of twelve hours, 
produce forty-eight tons of solid soap in a condition to be cut into bars. 


In some of these special machines the soap is run into metal tubes surrounded by cold water 
(much like the candle-making machines). The core of cold soap is then forced out of the tubes 
by means of a piston. One of the most successful soap-cooling machines is made in the form of 
a filter press. Fig. 34a shows the general plan of such a machine, viewed from above. The 
liquid soap is run from the soap kettle into a steam-jacketed autoclave c, which is provided with 
stirring arms whereby ingredients can be mixed in with the soap. By means of compressed air the 
hot liquid soap is forced alternately out into either the soap-cooling machines A or B, which are 
so arranged that the one machine is being prepared for filling while the contents of the other are 
cooling, so that the process is nearly continuous. Each of the machines a and b will hold two 
tons of liquid soap, and the time of cooling varies from one hour in winter to two hours in summer. 
The structure of the machine is apparent from Fig. 34^—5, 5, 5 are nickel plated fiat iron boxes 
through which a stream of cold water pours, entering at the bottom through the pipe 6, and 
pouring away at the top through the pipes 7, into a water trough. Figs. 34^ and 34*/ show the 
arrangement of these cooling boxes in detail. Each box lias a hole at the base through which the 
soap can flow, the holes forming a passage 3 (Fig. 34/') when the machine is connected up. The 
cooling boxes are mounted on strong iron rails, and move along on rollers. Also they are connected 
together by an iron band at the base, with slots cut in it, so that they have a certain play of move¬ 
ment. Between the cooling plates are wooden frames, shown in greater detail in Fig. 34c. These 
frames are covered inside with nickelled iron, and are clamped firmly together between the cooling 
frames, as shown in Fig. 34^ and in Fig. 34/^ The cooling boxes and frames are squeezed together 
by means of an electrically driven screw 8 (Figs. 34a and 34^). The screw is straightened by means 
of an electrical motor contained in the box 10. There is an automatic cut-off when the plates are 
pressed sufficiently together, the final tightening being made by the hand spokes 9. The hot 
liquid soap flows from the autoclave c (Fig. 34^), along the passage 1 and 2 into the space 
3 in the cooling boxes, and then rises up in each compartment 4, being trapped by the 
wooden frames at the top, and the cooling boxes 5 at the sides. The air escapes through the 
outlet valves, which are inserted in the wooden frames (Fig. 34^). Each machine cannot be over-filled 
with soap, because the autoclave c has the same capacity as each soap-cooling machine. Very 
little soap leakage occurs, because the wooden frames squeeze up tightly against the metal cooling 
boxes, much in the same manner as the f>latcs in a filter press. The soap solidifies as a solid block 
in the wooden frames. The motor is then started to reveipe the screw and separate the plates. 
The wooden frames containing the slab of solid soap arc lifted out of the machine, the block of soap 
is thrown upon a truck and carted off to the bar cutting machine. These soap-cooling machines are 
now displacing soap frames in most modern soap factories. 


Causticising Tank used in Soap Works 

The apparatus is shown in Fig. 34 A. 

In order to turn soda ash into caustic soda, the lime is broken into lumps, and placed in the 
Iron grids a, a, a. Sacks of soda ash are then thrown into the tank mm. Water (or weak 
caustic soda washings from previous batches) is then run into the tank, and the agitators N, N, N 
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started. Live steam is blown in through the pipe pp in order to heat the liquid. The following 
changes take place :— 

Na 2 C 0 3 + Ca(OII) 2 = aNaOH + CaCO a . 

Soda Ash. Lime. Caustic Calcium 

Soda. Carbonate. 

The caustic soda solution (6-7 per cent.) is run out through the skimmer BB, and is pumped by 
means of the pump c, through the pipe pn, into the caustic soda settling tanks E, r'. The 
calcium carbonate dudge left in the tank mm is stiried up three times in succession with water, 
and the weak caustic soda washings are pumped up to tank ff, when they can be used instead 
of water in tank A for a fresh charge, or can be pumped up to the lye tank on roof of soap works, 
and used as lye. The caustic soda solution in the tanks R, e' (6*7 per cent. NaOlI) is run off 
to an evaporator and concentrated to 20-22 per cent. NaOlI, when the liquors are stored for 
use in the soap kettle. The calcium carbonate sludge may be burned again for lime, or sold for 
cement, but most soap makers prefer to dump it. The tank MM is often used direct for dissolving 
caustic soda. The solid caustic soda is knocked out from the iron drums in which it is placed on 
the market, and placed in the grids A, A, A, and then dissolved in water by starting the agitators 
N, N, N. All these tanks are of sheet iron. 


General Scheme for Modern Soap Factories ' 

Diagram 34 shows a small factor)'. A more detailed diagiam is Fig. 34/, which shows 
modern practice. The oil or tallow in casks 1 and 2 is run through openings in the floor A, n 
(coveted with grids 3 and 4, to catch large objects), into the oil tanks 5 and 6 below. These oil 
tanks are fitted with closed steam coils 7 and 8 to keep the oil melted. If the oil in the cask has 
solidified (c.^ 1 ., palm oil sometimes is solid, also tallow and hard fats), the casks are steamed out, 
a steam pipe being used for the purpose, which is fitted on to a movable swivel to go into the 
bung of the cask, or to lie flat as required. The oil is pumped from the tanks 5 and 6, through 
the pump 9, up tube 10, into the purifier n (in case of palm oil only), where it is decolorised by 
a stream of air being pumped through it. Where this is unnecessary, the oil is pumped directly 
into the soap ketlie 12. This is fitted with a swivel-jointed skimmer 13, for running off the soap 
into the wooden troughs 14, 14, 14, where it can be made to flow into the soap frames 15, 15, 15, 
by raising the outlet slides indicated in diagram. In modern factories, however, the liquid soap 
is run direct to the cooling machine autoclave 16, or, if required for making special soaps, into the 
crutchers 17. 

The soap kettle 12 is fitted with open and closed steam coils 18 and 19. Below the soap kettle 
12 are placed the spent lye tank 21 and the semi-spent lye tank 20. Above the soap kettle is the 
lye tank 22 and the caustic soda tank 23, for supplying lye or caustic soda to the contents of the 
kettle. Water taps are also laid on for supplying water to the kettle. The semi-spent lye in tank 
20, which is obtained from the soap, is used over again, but the spent lye in tank 21 is run down 
to the glycerine treating tank 22, which is fitted with a steam coil (closed) and an air mixing coil. 
The glycerine is here treated in the usual way with alum, hydrochloric acid, and caustic soda as 
described under glycerine. The glycerine is then pumped through the filter press 24 into the 
settling tank 25. It is here settled and filtered once more into the tank 26, whence it goes to the 
vacuum concentrators 27 and 29, and salt recovery box 28. The salt is taken out of the box 
28, and is used again in salting out the soap, and the concentrated crude glycerine is run off and 
worked up for pure dynamite glycerine, as described later. Tank 30 shows the resin soap kettle. 
The resin and soda ash are placed in the iron tank 30, fitted with open and closed steam coils, and 
is there boiled up to make the resin soap, which is pumped up through pump 33, along the pipe 
34, into the soap kettle 12 ; 35 is the causticising tank. The calcium carbonate sludge is run out 
either into an iron tank car, or is deposited in a sludge tank. The caustic soda (6-7 per cent, 
NaOH) is pumped into the storage tank 36, and is then pumped to the vacuum concentrator 38, 
where it is concentrated to 20-22 per cent. NaOlI, and is then pumped back to the storage 
tank 37. It is pumped up as required into the caustic soda tank 23, and is run into the soap 
kettle from 23. The washings from the causticising tank 35 are pumped up to 39, and are used 
instead of water or lye in the soap kettle ; for this purpose it is pumped back through 22. Some* 
times the washings are used instead*of water in the causticising tank 35. 
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Soap-making Processes where the Glycerol is set free but not 
separated from the Soap 

These processes suffer from the economic disadvantage that the glycerol —a 
valuable product—is retained by the soap, and so is lost. They may be divided 
into three classes: (a) Cold Process Soaps; ( b ) Hydrated Soaps (which 
include “ marine ”) and “ Soft ” Soaps ; (c) High Pressure Soaps. 

(a) Cold Process Soaps. —Certain fats, principally those of. the cocoa-nut 
oil and castor oil group, have the valuable property of being directly converted 
into soap at ordinary temperatures when mixed with concentrated caustic soda 
(sp. gr. 1.33, or 66° Twaddel, containing 24 per cent. NaOH), thus forming “Cold 
Process ” soap. 

The fat is weighed into an iron vessel provided with stirring apparatus, and is 
brought to the proper temperature (65° C. in cold weather, 50° C. in hot), and 
then the calculated amount of concentrated caustic soda or potash (or a mixture 
of both) is rapidly run into the vessel, and the whole thoroughly stirred until the 
soap begins to thicken. 

If fillers are to be used, the intended amount of scent, sodium silicate, and 
sodium or potassium carbonate solution (“soda-ash lye” or “pearl ash*’) is now 
stirred in; the mixture becomes thinner, and after a few minutes becomes thick. 
The paste is then run out into a wooden frame, and well covered up to keep 
in the heat. Combination proceeds in the frame, considerable warmth is evolved, 
and the mixture swells up, soap being gradually produced according to the 
equation:— 

CjlI-,(O.CO. R)j + 3NaOII = C 3 II fi (OII) 3 + 3R.COONa 

tatty oil. Caustic Glycerol. Soap, 

soda. 

R represents the radicle of the fatty acid. 

With small batches the process may be complete in two days. Usually, 
however, a week or more is allowed to elapse. 

The great disadvantages of the “Cold Process” method are :— 

1. Complete combination of fat and alkali are seldom secured; such soaps usually contain free 
alkali and unchanged fat. 

2. The glycerol—a valuable commercial product—is retained in the soap and so is lost. 

The advantages are : great simplicity in plant and operation ; great rapidity of production. 

The amount of soap—principally cheap scented toilet soap—made by this process is small. 
Some transparent soaps arc also made this way. 

(b) Hydrated Soaps, Soft Soaps.—Soft Soaps (see p. 117) are prepared 
by boiling together caustic potash and suitable o.ls at ordinary pressures until a 
sample when cold sets to a clear translucent mass. The mass is then boiled 
down until sufficiently concentrated and is put up in barrels, canisters, or drums 
for sale. They form soft, jelly-like masses. Hydrated soaps are manufactured 
in the same way as soft soap, but caustic soda is used instead of potash, and the 
fatty materials so chosen as to yield hard opaque products. Marine soaps 
(which see) are made this way from cocoa-nut oils (p. 116). 

In order to produce a practically neutral soap, the quantity of caustic soda 
required for saponification must be carefully calculated from the saponification 
value of the fatty material employed. If proper quantities are taken it is quite 
possible to produce a practically neutral soap by careful working. 

It is remarkable that other oils and fats, c.g. t tallow, which alone cannot be saponified in the 
cold by concentrated caustic soda solution, are readily saponified when incorporated with oils of the 
cocoa-nut oil group, the heat which is evolved on the saponification of these latter oils apparently 
aiding the conversion of the former into soap. The process is essentially a rapid one. Lamborn 
states that for a i,ooo*}b. frame the caustic soda must be run into the fat in one and a half to two 
minutes, the silicate in the same time, and the stirring (“crutching”) must be rapid and thorough 
far twelve to sixteen minutes. It is sometimes done by hand. 
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Every manufacturer employs his own formula, 
soap are:— 

No. i. 

75 lbs. tallow. 

25 lbs. cocoa-nut oil (Ceylon). 

75 lbs. caustic soda lye, 35.5 0 Be., made 
from 74 per cent, caustic soda. 

125 lbs. “ N ” silicate of soda. 

20 lbs. potassium carbonate solution, 36° Be. 
Yield—320 lbs. soap. 


Two typical ones for hard crutched cold proces 
No. 2. 

75 lbs. tallow. 

25 lbs. cocoa-nut oil. 

70 lbs. caustic soda lye, 35 - 5 * Be., made from 
74 per cent, caustic soda. 

100 lbs. “ N ” sodium silicate. 

17 lbs. potassium carbonate lye, 36° Be. 
Yield—288 lbs. soap. 


When cold and hard the soap is taken out of tl e frame and cut into bars and pressed into tablets 
in the usual way (see pp. 104, 105). 


( c ) Hydrated Soaps prepared under Pressure. —Here the fatty matters 
and caustic soda are simply heattd together under high-pressure steam in autoclaves, 
the object being to cause the reaction to occur at a more elevated temperature and 
pressure in order to shorten the time of reaction and to simplify the procedure. In 
some processes the caustic soda and fat are pumped continuously into the boiler, 
and the finished soap pumped out simultaneously through a weighted exit valve, 
the process being a continuous one. Bennet & Gibbs use sodium carbonate 
solution, which, at a steam pressure of 15-20 atmospheres, corresponding to 190*- 
215° C. in the autoclave, readily saponifies the fat. 


Soap Making by Direct Neutralisation of Fatty Acids 
/ s with Alkalis 

/ 

These processes are growing in importance. 

Since soaps are simply salts of fatty acids, obviously the most direct and simplest 
way to produce them is to directly neutralise the free fatty acids with caustic alkali 
or alkaline carbonates. 

If caustic soda is used the process is very simple. The caustic soda is placed 
in a mixing machine (“ crutcher ”), the stirring apparatus set into rapid motion, and 
the fatty acids added in a rapid stream so that the entire charge is added in two to 
three minutes. Combination takes place thus :— 

R.COOH + NaOII = R.COONa + II 2 0 

Fatty acid. Caustic soda. Soap. Water. 

R represents the radicle of the fatty acid. 

After five to ten minutes the mixture thickens, and “filling ” (such as sodium 
silicate or sodium carbonate) is added. The temperature must not exceed 6o° C. 
The mixing (“ crutching”) should proceed rapidly for fifteen to thirty minutes, the 
temperature being maintained between 6o° C. and 70° C. by means of steam in the 
jacket with which the mixing machine is provided. The soap is then run into 
frames and allowed to cool. 

A slight excess of alkali is necessary for complete combination. For certain textile soaps this 
does not matter. If a grained neutral soap is required the soap may be salted out with brine, and 
“ fitted ** as described on p. 103. In practice the fatty acid is always run into the alkali, and not 
vice versd , otherwise lumps are formed and the reaction does not proceed so smoothly. 

If sodium carbonate is used instead of caustic the process becomes more 
troublesome; CO a is evolved thus:— 

2 R.C 00 H + Na«C 0 8 * aR.COONa + CO a 

Fatty add. Sodium Soap. Carbon 

carbonate. dioxide. 

The C 0 2 liberated is a source of trouble, since it causes the liquid to froth up, and 
consequently the mixing pan must be fitted with a large movable “ curb ”— a barrel 
or funnel-shaped top—in order to retain the froth, and the heating must be carried 
out slowly to prevent frothing over. The solution must be boiled until all the 
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sodium carbonate has been neutralised and the C0 2 gas expelled. Then caustic 
soda is added and the soap boiled until it no longer absorbs more. Finally the 
soap is grained out with salt in the ordinary way. 

Sodium carlx>nate is cheaper than caustic soda, nevertheless most manufacturers prefer caustic 
soda—especially as it is now manufactured so cheaply by electrolytic and other processes—since 
they consider that the slight saving in cost by using sodium carbonate is more than outweighed 
by the increased trouble and expense of working. 

The fatty acids employed until recently were almost entirely confined to the 
“red oils” of the candle-maker (/>., oleic acid), and the resulting soaps were used 
for textile purposes and as the basis of certain soap powders. Within recent years, 
however, fatty acids have been obtained by first decomposing the fats and oils 
constituting ordinary soap stock by “ IwitchelPs ” or some similar process (see p. 92), 
and the glycerol recovered; then the fatty acids so obtained are converted into 
soap by direct neutralisation as above desciibed. 

The great advantages of this latter method (which will in the near future probably entirely 
displace the older processes of soap-making) are ( 1 ) the glycerol is recovered from the fats before 
making them into soap , being immediately obtained in a concentrated and fairly pure form, which 
permits of its being worked up into the pure product far more easily and economically than when 
obtained from the impure soap lye of the ordinary method of making soap by boiling fats with 
alkalies. ( 2 ) The resulting operations of combining the fatty acids with caustic soda are rapidly and 
easily performed. 

Fatty Acids are especially well adapted for making soft soaps with potash, for 
the glycerol in the original fat is recovered before treating the fatty acid with potash 
(see Twitchell’s Process). In the ordinary way of making soft potash soaps by 
treating a neutral fat with potash and boiling down, all the glycerol is retained in 
the soap and so is completely lost. 

Other Methods of Soap-Making. —Many attempts have been made to saponify fats or oils 
with lime, thereby producing an insoluble Ca soap + glycerol water, filtering off the glycerol water 
and working it up for pure glycerol; then converting the insoluble Ca soap remaining into ordinary 
soap by treating with NagCO;,:—Ca soap + NaaCOg = soda soap + CaC0 3 , and filtering off the 
precipitated CaCO a . This is Krebitz's Process . See Krebitz, English Patents, 4,092, 1905 ; 4,092A, 
1905. Barbd and Garelli (English Patent, 12,210, 1907) heat fats with ammonia under pressure, 
thereby producing ammonium soaps and glycerol. The ammonia soaps are now decomposed by 
steam, tne ammonia being boiled off, condensed, and used again. The free fatty acids float on 
the surface of the glycerol water and are separated by decantation and converted into soap by 
direct treatment with NaOII; or the ammonia soaps are directly decomposed by a sodium salt:— 
2NH 4 soap + NagSO^ sodium soap + (NH 4 ) 2 S0 4 (see pp. 93, 99). 


Characteristics of Soap made from Different Classes of Soap Stock 

Soap stock may be divided into the following classes, all of which exhibit 
well-defined chemical and physical differences:— 

Classification of Soap Stock 


I 

2 

3 

4 

5 

Cocoa-nut oil. 
Palm-kernel oil. 

Olive oil. 

Olive oil foots. 
Cotton-seed oil. 

Pea-nut oil. 
Sun-flower oil. 
Corn oil. 

Tallow. 
Greases. 
Palm oil. 

Castor oil. 
Linseed oil. 

Red oil. 
Rosin. 


Class x. Cocoa-nut and Palm-kernel Oils.— "These oils saponify with 
great rapidity at ordinary temperatures with cold concentrated caustic soda or 
potash, with the evolution of much heat This property peculiarly adapts them 
for soap manufacture by the cold process. Weak caustic soda solution, 12* Be., 
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such as is used in the saponification of tallow, scarcely affects these oils in the cold, 
while lye of 20° Be. at least is lequired for making them into soap by the boiling 
process. These oils are characterised by the large amounts of glycerides of low 
molecular weight they contain; consequently they absorb more alkali and liberate 
more glycerol (12 per cent.) and give a firmer and higher yield of soap than any 
other oils used in soap-making. The addition of cocoa-nut oil to tallow and cotton¬ 
seed oil in manufacturing settled (“ grained ”) soap, yields a soap much superior to 
that produced from either stock alone. 

Cocoa-nut oil soap is white, hard, and buttle, and gives a quick, profuse, hut thin lather with 
both salt and fresh water. The soap is capable of absorbing enormous amounts of water and 
mineral matter (“ filling,” such as sodium caibonate and sodium silicate), yielding a firm soap. 
It icquires a very large amount of salt to throw it out of solution, being very soluble both in 
fresh and salt water, and thus is a “marine” soap. A 50 per cent, cocoa-nut oil soap requires 
15-20 per cent, of salt in the stock lye to throw it out of solution, against 7-10 per cent, 
required for ordinary tallow slock. The graining of pure cocoa-nut oil soap with salt is very 
unsatisfactory. Such soaps, unless very carefully saponified, become rancid with age. 

Class 2. Olive, Cotton-seed, and Corn Oils.— Ail these oils consist 

principally of olein—the glyceride of oleic acid. 

Olive oil saponifies readily with lyes of very different densities, yielding a 
greenish-coloured soap, called “ Castile,” which gives a thin, slimy but abundant 
lather peculiar to all soaps containing much oleate. The soap is an ideal one for 
toilet or textile purposes, but is very expensive. Refined cotton-seed oil saponifies 
with difficulty, yielding a soap which, unless very carefully saponified, suffers a very 
rapid deterioration, becoming discoloured and rancid on keeping. Containing 
much olein, the oil yields a thin soap lacking the body of tallow soap; by mixing 
with large proportions of soda-ash and sodium silicate, a firm soap is produced, 
which i$*much used in the United States as a laundry soap. 

All soaps consi'.ting principally of sodium oleate (for example, olive-oil and cotton-oil soaps) are 
much more soluble in water than soaps made from tallow, and therefore containing much sodium 
stearate. Moreover, such oleate soap«» readily absorb moisture from the air, and thus give rise to 
“sweating.” The yield of glycerol is about 10 per cent. 

Class 3. Tallow, Palm Oil, Greases. —The principal glycerides present 
are stearin and palmitin. Tallow is readily saponified with weak lye, between 10*- 
15 0 Be., and yields a firm soap of good body, and easily grained by 7-10 per cent, 
of salt in the lye. The soap is one of the least soluble, and it yields an inferior but 
persistent lather, excellent for shaving purposes, but overlooked by the public, who 
demand a freely lathering soap. On ageing, tallow soap becomes so hard that it 
may injure fabrics. It is best mixed with other stock, imparting body and firmness 
to the resulting soaps. Palm oil contains much palmitin, and in general properties 
produces a soap much like tallow soap. It yields a slow but thick and lasting 
lather. Is a good textile soap. These oils yield about 9 per cent, of glycerol. 

Class 4. Linseed and Castor Oils are very ieadily saponified, yielding a 
quick-lathering, very soluble soap, of pale brown colour and characteristic odour. 
The oils are used for making transparent soaps and for the green Sapo verdigris 
of pharmacy. 

Class 5. Red Oil and Rosin. —Red oil is commercial oleic acid, and 
consequently directly combines with caustic soda or sodium carbonate to produce 
the soap sodium oleate. Red oil, or olein soap, is much used in the textile industry, 
being similar to the soaps discussed under Class 2 (which see). Rosin is also an 
acid body, and consequently directly combines either with caustic soda or sodium 
carbonate to produce a soap which, although possessing valuable detergent pro¬ 
perties, is very hygroscopic, very soluble in water, and soft. The presence of rosin 
in other soaps is betrayed by a stickiness and a readiness to “sweat.” Rosin soapsf 
added to tallow soaps modify their hardness and improve their properties for many! 
purposes. Rosin must not be used as a constituent of textile soaps (which see, 
p. 114). 
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Various Kinds of Soaps 

Milled Soapy Toilet Soap. —The best toilet soaps are manufactured by the 
process of milling, whereby they acquire a finish and quality otherwise unattainable. 
Soaps thus manufactured are certainly the most economical, since they contain no 
moisture and consequently do not shrink or 
lose weight (as do all toilet soaps not milled). 

Moreover, they improve on keeping — other 
soaps usually deteriorating. The soap must be 
.a grained, settled soap, of good quality, and 
perfectly neutral (0.3 per cent. Na 2 C 0 3 and 0.5 
per cent. NaOH are the utmost “limits allow¬ 
able). The racked and fanly diy bais of soap 
are cut into shavings by a rotatory cutting 
machine (“soap-chipper ”) and these are dned 
by steam in a drying-room until the water is 
reduced from 30 per cent, (the usual amount 
in freshly made soap) to an>thing between 14 
per cent, and 3 per cent. 

The dried shavings aie then iui\ed with 
the necessary colouring matters and perfumes 
in a zinc lined box, and then are ground in a 
Toilet Soap Mill, which consists of polished 
stone rollers of the best Quincey granite, 
arranged horizontally 01 with a pitch as shown. 

The soap as it comes from the last roll is 
detached by a knife, and comes out as trans¬ 
lucent homogeneous ribbons of the thickness 
of paper. Three 01 fom millings aie enough 
for a cheap soap, and seven or eight for 
better quality soaps. From the mill the mass 
of soap ribbons is fed into the “ plodder,” 
where, by means of a spiral screw, the mass is forced under great pressure 
through a number of holes in a plate, so that the soap passes this part of the 
machine in the form of a number of thick threads, which are again squeezed 



1 K.. 35.—Hand Soap Press. 
(Ilouchm, Ntw Yoik.) 
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together and coalesce to come out of the plodder mouth in the form of a continuous 
bar. Sometimes it is necessary to warm the mouthpiece of the plodder (which is 
provided with a water jacket and a small Bunsen burner) in order that the soap 
may be somewhat softened and thus pass through the perforations of the disc 
without being broken by successive revolutions of the screw. 

The best plodders are porcelain lined. 

The continuous bar of soap is cut automatically as it comjs forth from the 

plodder into pieces, each 
weighing about 4 oz., which 
are then rapidly stamped 
in presses into the oval 
tablets in which toilet soap 
is sold. 

Continuous Soap-Drying 
Apparatus. — The process of 
toilet soap-making, as described 
above, requires at least seven 
days. The period may be re¬ 
duced to only ten to fifteen 
minutes by employing the special 
machine illustrated in Fig. 39, 
whereby the lengthy processes 
of framing, slabbing, cutting, 

drying and chipping arc avoided. The fluid soap, just as it comes from the kettle or crutcher 
(where it is perfumed and coloured) is poured down a hopper surrounding a series of water- 
cooled cylinders, from which the soap as it cools and solidifies is detached by knives in the 
form of thin shavings; then, falling upon a series of endless belts of wire cloth enclosed in a 

chamber through which dry hot air i* continually driven, is rapidly dried, and dropping upon 
__1 _r._n.. f. 



Fid. 37.—Section of Plodder. 


4 ‘ soap powder ” (see p. 115). 


soap chips r 



Fig. 38 .—Plodder, showing automatic arrangement for cutting the bar 
of soap into small pieces for stamping. (Rost & Co., Dresden.) 


Transparent Soaps may be made by mixing soap with (r) alcohol, (2) alcohol 
and glycerol* (3) alcohol and sugar, or (4) sugar alone. 

X. With Alcohol Alone. —Shavings of a good quality soap, carefully dried in 
hot air, are gently warmed in a still with an equal weight of rectified spirit (heating 
on water bath) until the soap is dissolved. The excess of alcohol is distilled off, 
collected and used again. The clear liquid left behind is run into frames, cooled, 
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cul into pieces, pressed, and allowed to season in diy air. The best, but most 
expensive, soap is thus pioduced. 

2 . With Alcohol and Glycerol, or Sugar.— These and the succeeding 
classes of soaps are best made by the “ cold process,” from about equal parts of 
cocoa-nut oil and tallow, together with a quantity of castor oil; the latter oil greatly 
conduces to the transparency and at the same time diminishes the quantity of 
alcohol, glycerol, 01 sugar needed for transparency. 

The melted als aie placed in a steam jacketed uutcliei, h uVd to 50° C., and the proper amount 
of lve at 38° Be. mixed in. On standing foi over three ltouis the temperature rises spontaneously 
to over 80 J C. Any glycerol is mixed in before adding the he. Alcohol should be mixed in after 
the addition of he and befoie allowing the nuxtuie to stand. Aftei the peiiod of standing is over, 
sugar and soda-adi s buttons at So (\ die mn in and wgoioudv m : xed. After this, the mass is 
allow 1 d to stand while samples are taken. Finxlh the soap is him out into frames, being strained 
as it does so. \\ hen c<*ld and solid it is cut and piossod. 

The following is a typica* 
formula for an alcohol-glycerol 
transparent soap: Cocoa-nut 
oil, 100-120 lbs.; edible tallow, 
100-60 lbs.; caustic soda lye of 
38° lie., 100-90 lbs. ; alcohol 
(95 per cent.), 80-60 lbs.; gly¬ 
cerol, 40-60 lbs. This also is 
an expensive soap, but a 
cheaper transparent soap con¬ 
taining alcohol and sugar 
may be made from the following 
ingredients: Edible tallow, 100 
lbs.; cocoa-nut oil, 100 lbs.; 
castor oil, 30 lbs.; alcohol (95 
per cent.), 100 lbs. ; sugar, 
25-60 lbs.; water, 40-65 lbs. 
In cheaper soaps a quantity of 
soda-ash solution is added. 

A still cheaper transpaient soap, 
without alcohol, but containing 
sugar and castor oil, is as follows: 
Cocoa-nut oil, 100 lb',. ; edible tallow, 
So lbs. ; castor oil, 103 lbs. ; sugar, 
80 lbs. ; caustic soda lye of 38° fie., 
146 lbs. ; soda-ash solution of 36" 
Be., 40 lbs. ; water, 85 lbs. In the 
absence of alcohol and gl>ccrol, the 
pioportions of sugar and castor oil 
me increased in order to attain 
Flo. 40.—Soap Chipper. tiansparency. 

Textile Soaps 

A Soap for Scouring Raw Wool must dissolve freely at 5o°-55° C., be 
quite neutral (free alkali deteriorates wool), free from uncombined fat, without 
rosin, sodium silicate, mineral oil, or other filling material. It should not contain 
more than 30 per cent, water, must be free from nitrobenzene or other perfuming 
stuff; it must not have an unpleasant smell when rubbed in the palm of the hand. 
A neutral soda soap, made from red oil (oleic acid) and sodium carbonate, is much 
used. A neutral olive-oil potash soap is best, but too expensive except for the 
very best quality goods. Cocoa-nut and cotton-seed soaps are useless unless they 
are quite free from odour, which otherwise persists in the finished goods. Cotton¬ 
seed and corn oil soaps (made from semi-drying stock) are difficult to remove, 
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impart cloudiness to the milled wool, as well as causing odour and stickiness. 
Palm-oil soap is superior to pure tallow soap, the latter being somewhat insoluble. 

A Silk Textile Soap must contain no free caustic soda or potash, but may 
possess a very slight degree of alkalinity due to a trace of sodium or potassium 
carbonate. A neutral potash soap from olive or lard oil is often used, as well 
as the cheaper soda olive-oil soap, and hard or soft palm-oil soap. Tallow soaps 
are unsuitable, as also are cotton-secd oil soaps. Soaps made from red oil (oleic 
acid) are suitable. 

A Cotton Textile Soap, for which there is little demand, may contain dilute 
alkalis, since cotton is not injured by dilute caustic soda. 

A Soap for Printers’ Use must be fairly soluble in water, and so palm, olive, 
andcocoinut oil soaps are used instead of tallow soip. Such soap must be quite 
neutral, since free alkali may alter the colours or cause them to “ bleed.” Rosin, 
cotton-seed oil, and linseed-oil soaps cause colours to bleed, and so are unsuitable. 
Also the soaps must not impart any odour to the cloth. 

A Soap for the Woollen Dyer may be made from tallow, palm, or olive 
oil, and be'of a very slight degree of alkalinity. Before woollen cloths or yarns 
are dyed any oil they contain must be removed by soaking them in a very common 
soap, usually made from bone fat and cotton-seed oil, and slightly alkaline in 
reaction. 

Soap Powders, Dry Soaps, Washing Powders. —Soap powder supplies 
the demand for a cheap quick detergent for cleansing coarse articles. It is a 
mixture of soap (usually made from low-grade grease) and soda-ash. The soda- 
ash takes up water of crystallisation, and this dries the soap. Without the addition 
of the soda-ash it is difficult to produce a true soap powder from pure soap. Rosin 
cannot be used, because, owing to the deliquescence of rosin soap, the soap powder 
becomes lumpy. The soap, grained, separated from the waste lye, closed, and 
finished very thin, is run directly from the kettle into the mixing machine (crutcher), 
and then the sodium carbonate (soda ash) added in successive amounts until the 
proper quantity is present, and finally the sodium silicate is usually added. The 
usual proportions are: 600 lbs. soap, 600 lbs. soda-ash, 100 lbs. sodium silicate. 
After mixing thoroughly, the mass is run into frames in the usual way; in some 
establishments it is poured in a layer over the floor, and the mass, when cold 
and firm, is broken into lumps, which are then smashed into small pieces in a 
disintegrator, and finally the fragments are ground to a fine powder in a special 
mill, and the powder stored either in casks or in cardboard cartoons. Sometimes 
sand, sodium sulphate, fullers’ earth, talc, etc., are added to soaps of this nature. 

A rapid method of manufacture, now adopted in most large establishments, is to pour the fluid 
soap direct from the crutcher into the hopper of the continuous soap-drying machine described 
on p. 112, whereby the soap is discharged, dried and disintegrated, ready for grinding, in ten to 
fifteen minutes from the time of entering the machine. Thus the tedious processes of framing, 
cooling, slabbing, etc., which occupy several days, are entirely avoided. 

Peroxide Soaps. —Many efforts have been made to manufacture soaps 
containing active oxygen, as such soaps have valuable disinfecting and bleaching 
properties. Thus Henderson (English Patent, 14,784, 1906) treats cocoa-nut oil, 
prior to the manufacture of soap, with ozonised air, and the soap made with the 
product has an oxidising and antiseptic action, and is free from a cocoa-nut smell. 

Wolffenstein (English Patent, 16,823, 1908) produces non-alkaline soap 
preparations containing oxygen as peroxide by causing free fatty acids to act 
at ioo° C. upon alkali salts of peracids, such as sodium percarbonate, perborate, 
persulphate, etc. It is very remarkable that the salts of the peracids are stable 
enough to be used thus. The soaps have bleaching and disinfecting properties. 
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Byx (English Patent, 7495, 1909) dehydrates sodium perborate, and mixes it 
with fatty acids. The product is said to be stable. See also English Patents, 
15,90°, 1907; 7,619, 1909. 

These methods promise to become industrially important. 

Scouring Soap Base is best made from cocoa-nut oil. The glycerol, 
amounting to over 12 percent., should be separated. Cocoa-nut oil requires for 
saponification by the boiled process caustic lye of at least 20° Be. The oil is first 
added to the kettle, then much lye at 20° Be. is run in. Saponification rapidly 
ensues. If too little lye is present the mass tends to thicken in the kettle; in this 
case more steam is admitted and lye rapidly added. Towards the end of the 
operation lye at 25 0 Be. is added Cocoa-nut oil soap requires more salt to grain 
than ordinary soap, and may on the first boiling be grained with strong lye up to 
35 0 Be., and the lye (strongly alkaline) separated may be used for saponifying a fresh 
quantity of oil. The second graining is with salt. Then the soap is closed with 
water, grained with 20° Be. lye, boiled as on the strengthening charge, the lye 
withdrawn, and the soap finished by adding water, when it is ready to be used for 
mixing. 

Castile Soap is made by settling a pure olive oil soda soap. Owing to the 
high price of olive oil it is usually, in part, replaced by pea-nut, cotton-seed, or light- 
coloured red oil. A good imitation Castile soap consists of 65 per cent, olive oil 
and 35 per cent, tallow. The green colour is sometimes enhanced by adding 
chlorophyll compound. 

Marine or Salt water Soap is made from cocoa-nut oil, as described under 
“scouring soap” base. The cocoa-nut oil soap is a very firm one, which is easily 
soluble both in fresh and salt water, and yields a profuse lather. The soap must 
be free from filling of any kind, entirely soluble in salt water, must not contain more 
than 3 per cent, free sodium carbonate, 0.5 per cent, free caustic soda, 0.3 per cent, 
salt, 0.5 per cent, mineral matter (silicate of soda, sodium sulphate, etc.), 55 per 
cent, water. 

Protein Soaps. —When protein matter—such as that contained in the germ of various cereals, 
oatmeal, rice gluten, etc.—is acted on by concentrated NaOU solution, the soap of amino-acids 
is produced which may be used as a substitute for marine soap, being said to leave no odour and to 
wash better in brine than marine soap. See English Patents, 17,999, 1905; 23,546, 1905; 5,620, 
1909; 20,089, 1909. 

Mottled Soap is made from ordinary settled soap of good quality by finishing 
thin, and adding insoluble colouring matter (Venetian red, ultramarine blue, yellow 
ochre, copperas or ferrous sulphate) in the proportion 4-8 oz. to 100 lbs. of soap; 
the soap is well bailed up, and run into hot frames and crutched by hand until the 
temperature sinks to 6o° C, when all danger of the mottling agent sinking to the 
bottom is passed. On slowly cooling, the soap crystallises out, and the pigment 
is expelled from the crystallising soap into portions which are still fluid, and this 
portion finally cooling, the foreign matter remains mixed with the softer or more 
fluid soap. To obtain a good mottle the soap must at first be very fluid, and must 
slowly cool in order that the crystallising should not be too rapid, otherwise only 
a discoloration or a very fine mottle results. Such mottled soap is usually made 
in small batches as it is difficult to incorporate the pigment evenly throughout a 
large mass of soap. 

Settled Rosined Soap is made as described on p. 103, and is the one 
generally used for ordinary washing purposes, since the rosin imparts to the hard 
tallow soap softness and lathering power, besides being of considerable detergent 
value itselfi "For certain purposes, nowever, the presence of rosin in soap is very 
injurious. 
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Pure Rosin Soap, /’<?., sodium rosinate—prepared by dissolving colophony 
(ordinary rosin) in caustic soda—is used on a large scale for paper sizing (see Paper 
Making). It is described on p. 199 under Paper Making*. 

Potassium Soaps, Soft Soaps. —Soft soap is sometimes defined as soap 
made from low-melting point stock by use of caustic potash. Such soap is semi¬ 
transparent, soft, unctuous, and very soluble in water and deliquescent. It must 
be noted, however, that while all potassium soaps are soft, some sodium salts now 
manufactured are also quite soft (see p. 107). 

Linseed oil, cotton-seed oil, corn oil, olive oil, olive-oil foots mixed with tallow, and tallow, are 
the stocks usually used. 

A potash linseed-oil soap retains its transparency throughout summer and winter. Rodn may he 
used in very small proportions to increase its lathering and detergent qualities. Red oil forms a good, 
odourless potash soap; tallow produces a white potash soap. 

The saponification is completed in the usual way, hut without graining, and the soap is run 
through the crutcher directly into barrels and stored in a cool place. The glycerol is thus usually 
retained in the soap. Usually 100 lbs. of stock yield 225-250 lbs. of potash soap. About 30 lbs. 
of potassium chloride can he incorporated, giving a yield of 270-280 lbs. Higher yields than this arc 
obtained by adding a binding agent, such as starch. Fillings of chlorides, carbonates, and silicates 
of potassium and sodium are used, the sodium salts, however, being less preferable. Soap powder 
has displaced these soaps. 

Floating Soap is made by churning up a pure white settled and perfectly 
neutral soap (best made from tallow mixed with 25 per cent, cocoa-nut oil) in a 
special crutcher, the whole being heated about 8o° C. The soap is beaten up into 
a froth and air incorporated with it to such an extent that the mass is lighter than 
water. 

Shaving Soap is made from the best edible tallow by the grained process; it 
must be perfectly neutral. Cotton seed and cocoa-nut oils are unsuitable as stock 
ingredients. The lye used for saponification usually consists of 25 per cent. KOH 
and 75 per cent. NaOH. The soap should contain very little water, and must be 
milled. During milling 8-10 per cent, of glycerol and 1 per cent, of tragacanth 
gum (which gives a permanent lather) are introduced. 

Medicated Soap consists of ordinary soap mixed with small quantities of 
disinfecting or germicidal agents, such as phenol, cresol, etc. Almost invariably 
they are quite useless for the purpose for which they are intended, being scarcely 
more effective than a pure neutral soap, which itself has a considerable germicidal 
action, and is a valuable, although slow, disinfectant. 

Formaline Soaps.—Liquid formaline soap consists of 10-25 per cent, 
formaline added to olive oil, alcohol, and essential oils. Solid formaline soap 
consists of 5 per cent, paraformaldehyde added to soap. Strong disinfectant. 

Iso Soap is a solid sulphonic derivative of castor oil. Gives clear neutral 
solution, and forms, even with the hardest water, no insoluble lime salts. Hence 
is used for washing, dressing, bleaching, etc., in textile trades. 

Filling Agents 

A very great number of substances are incorporated into soap. 

Rosin is a proper constituent of soap, the sodium salts of the rosin acids 
possessing valuable detergent properties. 

Sodium Silicate and Borate also possess detergent properties, but are often 
used in such large quantities in the cheaper soaps as to almost be regarded as 
adulterants. Silicated soaps harden on ageing, the silicates imparting firmness to 
a soft inferior soap. Ultimately such soaps become stonelike as regards hardness. 



Analysis or Soap 

The following is Dr Leed’s scheme (Chm. News, xlviii. 67) for the complete analysis of soap 
_ Weighout log. of sample. Dry at no* C. Loss = water. Extract with petroleum ether. 
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Petroleum Naphtha, to the extent of 10 per cent., is sometimes incorporated 
in soap in order to increase its detergent action. The petroleum is mixed with a 
rosin soap mass, and the mixture added to the common soap. 

Colouring Matters and perfumes (ethereal oils) are added, either to disguise 
inferior and evil-smelling and discoloured soap, or to please intending buyers. 

Scouring Soaps often contain sand, kieselguhr, powdered pumice, etc. 
Some soaps contain sulphur, flour, talc, china clay, salt, etc. etc. 

Persulphates, Percarbonates, and Perborates have been added to 
soaps in order to give them bleaching and disinfecting properties (sec Peroxide 
Soaps, p. 115). 

Statistics. —The following numbers show the amount of soap exported by the United Kingdom 

in 1910:— 



Cwt. 

Value. 

Soft soap - 

Household and laundry soap in bars or tablets 
Polishing and scouring soap 

Soap powder - 

Toilet soap ..... 

Other sorts (including cotton-seed oil soap) 

Total of soap 

32,116 

1.345.598 
9,867 

26,478 

74.145 

4,259 

.£24,487 

1,357,776 

16,070 

30,790 

357,781 

10,639 

1,492,463 

£1,797,543 


The value of the imported soap in 1910 (principally household or laundry) was ^454,000. 
The greater part of the soap produced in the United Kingdom is consumed at home. 

The United States in 1910 imported 3,928,000 lbs. (value, 499,000 dols.) of toilet and fancy 
soap, and $247,000 worth of other varieties. The export in the same year was :—Toilet or fancy 
soap , value , $1,480,000. Other kinds^ 45,716,000 lbs. Value , $2,141,000. 
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Rosin.—To detect rosin, dissolve some of the fatty acids above separated in warm acetic 
anhydride, cool\ run in slowly sulphuric acid of sp. gr. 1.53 (made by mixing 34.7 c.c. concentrated 
II a S 0 4 with 37.5 c.c. water, and cooling). A fugitive violet colour indicates rosin. Cholesterol 
gives same reaction, and should be removed in oiiginal soap before liberating the fatty acids by 
shaking out with ether. 

To estimate rosin, weigh 2-3 g. of liberated and diied fatty acids into a flask, dissolve in ten 
times their volume absolute alcohol (not 90 per cent, alcohol), cool flask in cold water and drive for 
forty-five minutes a current of dry HC 1 gas through the liquid, stand for one hour, dilute with five 
times the volume of water, boil till clear, extract thoroughly in a separating funnel with ether, 
separate ethereal extract which contains the rosin, wash with water until all HC 1 is removed from 
it (test wash water with AgNO a ), add 50 c.c. alcohol, and titrate with standard NaOH, using 

phenolphthalein as indicator. Each c.c. of ?? NaOII used up corresponds to 0.346 g. rosin. 


Glycerol. —For detection and estimation, see Glycerol. 

Sugar is sometimes present to 25 per cent, in cheap transparent soap. Estimate in usual way 
with Fehling’s solution, diluting to avoid oxidation of glycerol. If much glycerol is present add 
slaked lime to combine with the sugar, add same amount of washed and recently ignited sand, boil 
down to a syrup, cool, pulverise, exhaust in a corked flask with 80-100 c.c. of alcohol-ether mixture 
(in equal volumes). The solution contains the glycerol (free from sugar), which is estimated by 
evaporating in usual way. 

Starch is detected by a microscopical examination of residue insoluble in alcohol. Confirm by 
iodine test. For estimation see Starch. 


Dextrine contained in the water solution with the sugar is estimated by precipitating with 
alcohol, stirring vigorously with a glass rod in a weighed beaker, pouring ofl the aqueous liquor, 
washing residue with alcohol, drying at ioo° C., and weighing. 

Gelatine is detected by washing the alcohol-ether insoluble residue with hot water, and testing 
filtrate with tannic acid. 




Table of Analysis of Various Soaps {Hope) 
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Phenol or Cresol in soap is roughly estimated by dissolving ioo g. of soap in hot water, making 
alkaline with NaOH, precipitating soap with salt, filtering off soap and washing it on filter with 
saturated brine, boiling down tne bnne solution, precipitating any dissolved soap again with 
brine, filtering, boiling filtrate to small bulk, transferring solution to a 50 c.c. stoppered graduated 
cylinder, adding salt so that some remains undissolved, acidifying with sulphuric acid, and reading 
off the volume of separated phenols, each c.c. representing 1 g. of phenol. For greater accuracy 
dissolve the phenols m ether, distil off ether, and estimate by ftoppeshaar's method. 

For further details the reader should consult one of the larger treatises on 
soap, or Alleys “Commercial Organic Analysis.” 

Acknowledgments. — The author has pleasure in thanking Mr W. H. 
Stephens, A.R.C.S., for expert advice regarding the newer processes employed in 
the soap industry. 
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XI.—GLYCEROL OR GLYCERIN* 


By G. Martin, Ph.l)., D.Sc. 
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METHODS OF OBTAINING GLYCEROL FROM WASTE 

SOAP LYES 

The waste l)e as discharged from the soap kettle should contain 4-8 per 
cent, of glycerol, and be nearly neutral (0.04-0 4 per cent. NaOH are limits of 
alkalimetry), otherwise much valuable acid will be wasted in neutralising the excess 
of alkali. The greater the inferiority of the stock used in the manufacture of soap 
the greater will be cost of recovery of the glycerol present in the lye, both on 
account of the great amount of foreign organic matter present in the lye, which 
must be removed, and also because of the smaller amount of glycerol present in 
the stock. 

Two systems are at present in vogue for glycerol recovery, namely:— 

1. Van Ruymbeke’s Process. 

2. Garrigue’s Piocess. 

We will discuss each in turn. 

Van Ruymbeke’s Process of Glycerol Recovery 

The waste lye reduced to its lowest practicable degree of alkalimetry, vi/., 
under o 4 per cent. NaOH, is run from the soap kettle to the storage tanks to cool; 
here any dissolved soap separates and heavy impurities sink to the bottom. The 
liquor is then run into the treating tank a (Fig. 41), made of sheet steel and 
provided with open steam pipes at the bottom for heating, and an air-jet for 
mechanical agitation. If the waste lye is strongly alkaline, either sulphuric or 
hydrochloric acid is run in until the liquor is almost neutral, and then basic ferric 



Fig. 41.—Van Ruymbeke’s Process of Glycerol Recovery from Soap Lye. 


* The pure chemical product is termed “ Glycerol ” (which shows that it is an alcohol) 
while the impure cotmneicial product is calkd “Glycerin.” Since this intnxluces an entirely 
superfluous complexity xvill throughout the article use only the scientifically correct term, viz., 
glycerol. 
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sulphate solution added in the proper proportions. If, however, the liquid is only 
slightly alkaline the iron salt alone is used for neutralisation. Usually three-fourths 
of the alkali are neutralised by arid, and the remainder by the basic iron sulphate. 


Ihe iron salt is known as “ Chemical sand,” and is made by nu\ing a fin *ly pnwdcied and dried 
iron ore (analysing 50 pei cent, non oxide) with concentiated sulpiiuiir acid (6o J Be.) previously 
heated to 150°C. The mass is then run on to an iion flooi, wbeie the reaction continues and the 
mass solidifies. Ii is then bioken up and luatui foi some hours nl 200’*280" C. 11 then forms a 
mixture of fenic sulphate, feriic oxide, 
and a little fiee acid. Instead of this 
iron salt any of Ihe alums may he used 
us a precipitant. The) an, huvwvei, 
somewhat more expensive. 



The acid added to the soap 
lye decomposes any soap pre¬ 
sent, setting free the fatty acids. 

The iron salt then precipi¬ 
tates these acids as insoluble 
iron soaps, and at the same time 
carries down any albuminous 
matter (coagulated by heat). 

The lye is then forced by 
means of the pump h through the 
filter press c, which retains the 
precipitated impurities, the lye 
flowing into another similar tank 
(not shown) where the process 
of purification is completed. The 
lye is then filtered off into the 
third tank j>. It should now be 
clear, and possess a slight acid 
reaction. The exac t amount of 
dry soda-ash to neutralise the 
liquor is now thrown in and 
thoroughly mixed, and the lye 
filtered from the lesulting pre¬ 
cipitate. It is then ready for 
evaporation m a “ vacuum eva¬ 
porator.” '1 his consists of a 
sheet-iron boiler heated internally 
by a series of steam pipes, while 
a vacuum pump maintains inside 
the vessel a vacuum of between 
18 and 28 in. Under the 
diminished pressure the water 
boils off rapidly leaving the 
glycerol behind. In order to 
increase the effect sometimes two 
or three of these evaporators 
are used in series (“double” 

or “triple” effect), the vapours from the first being used to beat the liquid in the 
second, and those of the second to vaporise the liquid in the third. In this way 
a greatly increased evaporative effect is obtained with the same amount of steam. 
As the liquid concentrates salt is deposited. It falls between the heating pipes of 
the boiler, and collects at the bottom, whence it is from time to time withdrawn 
through doors placed at the bottom of the vacuum chamber. 


Fig. 42 shows a section of Foster’s Waste Lye F.vaporator. • 

The lye is boiled in the vessel A by means of the steam pipes B, the vapours rising up through 
C, which is connected with the vacuum pump. If the vessel is emptied in multiple effect the hot 
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vapours from the other vaporisers pass into the liquid by ddd, and help to maintain the evaporation, 
since the vacuum is greater in the second boiler than in the first, and so the vapours from the first 
boiler passing into the second are hot enough to maintain the liquid in it in rapid ebullition. The 
salt is deposited on the sloping hearth kb, and finds its way into the salt filter HH, the salt resting 
on a filter bed aa of iron netting and copper gauze placed over the gridiron plate. When the 
filter is filled with salt (which can be seen through the sight glass F) the valve at G is shut so that 
communication between the salt in hh and the vacuum in A is cut off; then the valve K is opened 
to the vacuum space in A, and a stream of steam is driven through M into the closed chamber, and 
drives the liquid through the salt in HH, the liquid and steam being sucked through PP into the top 
chamber a, leaving the salt on the filter aa quite dry. Then K is closed and the salt removed through 
a door r. The operations are therefore continuous, the salt being removed from time to time without 
breaking the vacuum. Usually two filter chambers are fitted to each evaporator, matters being 
so arranged that one is open to receive salt at the same time that salt is l)cing removed from the 
other, so that a practically continuous withdrawal of salt takes place. Many other systems of 
evaporators {e.g. , Jobbins) are in use, all of which offer some special advantage. The salt separated 
is again used in soap graining. Fig. 43A shows a Kestneris patent desalting evaporator, which is 
used to an increasing extent for separating crystalline salts of all kinds from solutions. 

The loss of glycerol by evaporation is extremely small when the operation is 
carried out under a vacuum of 26 in. and with steam at a low pressure. The liquid 
is boiled until a sample of lye withdrawn shows a density of 30° Be. at 15 0 C., when 
it consists of 50 per cent, glycerol, while most of the salt has been deposited and 
withdrawn. Then the liquid is sucked into a storage tank situated below the 
evaporator, allowed to cool, separated by filtration from any piecipitated salt, passed 
into a second evaporator of a similar type hut smaller, and the evaporation carried 
on until the proportion of glycerol reaches 80 per cent., the salts and water varying 
between 10 per cent, and 12 per cent. This glycerol is known as “Crude” and is 
now distilled. 

Distillation of Crude Glycerol.— The still a (Fig. 43) consists of a steel boiler 
maintained at a high vacuum of 28 in. while its contents are heated by dry steam at 
150° C. circulating through closed steam coil aa , while at the same time a current of 
live steam at 150° C. is blown through the glycerol by means of an open jet bb. This 
steam enters at *r, passes down the tube cde y and suddenly expands to twenty or 
thirty times its original volume from the narrow tube ef into the wide steam coil 
.Wo which is placed in the steam heated chamber bb (felt covered to avoid loss of 
heat) and which is filled with steam at 150° C. The steam in expanding from rf 



"tam Superheater Still 

Fig. 43. —Jobbins Glycerol Distilling Apparatus. 














KESTNER'S PATENT DESALTING PLANT. 



Fig. 43*/. Kistncr Desalting Evapoiator. 


The separator ss is tilled with liquor to above the opening b, the height of the 
liquor being seen through the sight glasses. The steam is turned on at n in the 
ealandria a, which consists of a number of pipes running through a steam box, 
as shown in the drawing. 

The liquor from the separator s then passes through b down into the bottom 
box of the ealandria a, then boils up the tubes, and rushes back as vapour or 
liquid through a into the separator. 

There thus takes place a continuous circulation of liquor through the separator 
and calandrias, and as crystals of salt form in the separator the) fall down the* 
central space formed by the circular baffle, any salt which crystallises out falling 
to the bottom of the cone, while the liquor passes through the outlet b, at which 
point it is practically free from salt. There may be as many as four calandrias 
connected to one separator, one being used for washing out or cleaning while the 
others are in action. 

At the bottom of the separator is a valve G, by means of which accumulated 
salt is periodically run into the filter box, the valve G, being closed, the mother 
liquors run off at h, and the salt is removed from the box by meahs of the 
discharge door l. 


[ 'to fate page 124 . 
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into the wide coil gg has its temperature lowered, but the free steam at 150° C. in 
the superheater bb heats the expanded steam in the coil gg to its original tempera¬ 
ture again, and this steam, in its expanded and dry condition, rushes through the 
pipe /// and blows in a dry hot stream through the jet bb into the glycerol in aa and 
causes it to distil rapidly, owing to the high vacuum maintained in aa, up through 
the pipe cc, into the drums dl>, where practically pure glycerol collects (“half- 
refined ”), while steam and the more volatile products pass away up the pipe lk 
through a series of pipes placed in a cooler ff, through which cold water circulates. 
Here the glycerol and steam are completely condensed and flow into the drum g, 
whence it is drawn off from time to time into the tank h. This latter distillate is 
known as “sweet-water” and contains a small amount of glycerol and volatile 
organic acids. It is worked up again for pure glycerol. 

The level of the glycerol in the still aa is maintained constant during the 
distillation, liquid being continually admitted slowly to maintain the level constant 
as the liquid distils away. Finally there remains in a a considerable quantity of 
“glycerol foots,” containing 30-50 pei cent, of glycerol, which is recovered from it 
by a special process described below. 

The “half-refined” glycerol which collects in dd is distilled once again and 
thus obtained pure. 



Fig. 44 shows a glycerol distilling plant designed by Ileckmann, and much used in Germany. 
Glycerol is boiled in a by indirect steam, a high vacuum being maintained by a pump attached to KK, 
which lowers the boiling point of the liquid in A to alxmt 200° C. The glycerol vapours and steam 
pass away through G into the rectifying column CB, to which is attached the dephlegmator F. The 
liquid condensing in c is maintained at alxmt 8o° C. by means of the steam-jacketed bottom D, so 
that the water scarcely condenses at all in this part of the apparatus, but passes away as steam, 
mixed with glycerol vapours, through the bell condensing trays in E, into the dephlegmator F, and 
finally reaches the catch-all G, where any condensed glycerol runs back through L into c, and is 
again distilled there. Consequently only concentrated glycerol collects in c, while steam and a very 
small amount of glycerol vapours pass over from G into the condenser H, the specific gravity of the 
water condensing in H being checked by a swimming hydrometer contained under a glass bell iar j. 
The glycerol in c is then withdrawn and decolourised with blood or animal charcoal (which has 
been carefully freed from mineral matter by extracting for weeks with HCl and washing with water). 

Concentration and Distillation of Sweet-Water.— The sweet-water 
contains volatile organic acids, either free or combined with glycerol. It is there¬ 
fore mixed with the exact amount of soda-ash to retain such acids in the “ foots ” 
as alkali salts. Next, the sweet-water is placed in the steel boiler aa, Fig. 45, provided 
with a steam heating coil aa; cd is a plate provided with a hole, at a short distance 
below which is another circular plate efoi slightly larger size, which prevents the 
liquid splashing up the tube bb, and consequently is known as the “ dash plate.” 
The valve h is closed, and a high vacuum is maintained in the concentrator aa by 
means of a vacuum pump connected with the receiving drum d. The liquid boils, 
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water vapour passes over through nr., and entering the catch-all cc, impinges 
against the tube k/ f deposits the less volatile glycerol in the catch-all, while the 
water vapour, passing on, enters the tube kl and is deposited in the drum d. The 
glycerol deposited in cc: is run back from time to time by means of mn into the 
concentrator a a. 

When the glyceiol in a a is sufficiently concentrated it is run into a Jobbins’ 
distilling plant, previously described, and preferably made of tinned copper, and 
there finally distilled. It is finally concentrated to the proper specific gravity (1.262) 
and sold as “ dynamite glycerol.” 

Refined glycerol is usually clarified by mixing a small quantity of bone-black 
with the hot liquid, and filtering. The product is of straw colour and is known as 
“dynamite glycerol.” Colourless water-white glycerol is produced by a subsequent 
distillation and clarification of the dynamite refined grade. 

Utilisation of Glycerol Foots. —The “ foots” comprise the tarry residue left in the still in the 
distilliri& process. They contain fn>m 50-50 per cent, of glyceiol, 5 per cent, of salt, 20-50 per 
cent, of sodium acetate, and to-15 per cent, of sodium salts of non-volatile fatty acids. The glycerol is 
removed hy acidifying the mass with the e\.ict amount of sulphuric acid necessary to combine with 
the sodium present —the sodium being estimated in a sample by incinerating and weighing as sodium 


c 



carbonate—in a lead-lined tank, and the darkened mass is, after standing, run through coarse filtei 
bags and heated in an iron still, when the organic acids (principally acetic) volatilise. Finally the 
product is added to the waste lye direct fiom the soap kettle and worked up along with this for 
glycerol. 


Garrigue’s Process for Glycerol Recovery 

This method presents the following advantages over van Ruymbeke's process :— 

1. I11 van Ruymbeke’s system the volatile fatty acids (c.?., acetic, butyric, caprylic, etc.) are 
imperfectly eliminated, distilling over with the glycerol even from an alkaline solution, and 
injuriously affecting the quality of the refined product. In Garrigue’s system the volatile fatty 
acids are almost entirely eliminated before distilling. 

2. In van Ruymbeke’s system the presence of much alkali in the liquor to he distilled (added to 
the sweet-water in order to fix the fatty acids) greatly retards the distillation and does not effect 
complete separation, since some of the volatile fatty acids distil over w ith the glycerol, while some 
glycerol remains fiehind in the foots. In Garrigue’s system so small an amount of alkali is 
used that it scarcely effects the distillation. 

3. In van Ruymbeke’s system considerable amounts of glycerol foots occur as residues in the 
still. These contain sometimes over 50 per cent, glycerol and cannot he economically discarded ; 
the glycerol has therefore to he recovered by mixing with sulphuric acid as described above, and 
mixing the product with the raw material. Since tne foots contain sodium salts of organic acids, 
these contaminate the glvcerol. In Garrigue’s system the foots produced are so small in quantity 
and so poor in glycerol that they can be discarded. 
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Details of Garrigue’s Process of Glycerol Recovery.— The soap lye 
from the soap kettle is run into a storage lank, where any soap separates out and 
heavy impurities subside. Next it is run into the treating tank a, and there is 
added about 0.5 per cent, of aluminium sulphate (or common alum) and sufficient 
sulphuric acid to nearly neutralise the caustic soda and sodium carbonate present. 
The contents of the tank are agitated by means of air blown in from a Korting’s 
exhauster b through a perforated coil in the bottom of the tank. The sulphuric 
acid sets free the insoluble fatty acids before in the solution as soap, while the 
aluminium present at once precipitates them as insoluble aluminium soaps. After 
sufficient agitation, the liquid is forced by the pump c through the filter press D 
into the feeding tank k. The liquid is now clear. It then passes to the vacuum 
evaporator f and is concentrated (the level in the evaporator being kept constant 
by a continual introduction of lye in proportion as the liquid boils away). The 
concentration is carried on until the residual liquid contains about 40 per cent, of 
glycerol, and about 80 per cent, of the chloride and sulphate of sodium originally 
present in the liquor have crystallised out and been recovered in the usual way. 



Next the liquid is allowed to flow from the evaporator f through the salt filter G 
(using a vacuum of 20 in. beneath the salt filter to force the liquid through), and 
is pumped away to the settling tank h. 

So far the soluble and volatile fatty acids have remained in solution; these are 
now removed as follows. The concentrated liquor is pumped from the settling 
tank h into the treating tank a, and about 0.5 per cent, barium chloride, BaCl 2 , 
stirred in. All the sodium sulphate remaining in the liquor is precipitated as 
barium sulphate, while any soap still present is decomposed and precipitated as an 
insoluble barium soap. Now sufficient sulphuric acid is added, sufficient to decom¬ 
pose all the alkali compounds of the volatile and soluble fatty acids, whereby the 
latter are set free, and in turn are almost completely precipitated as insoluble barium 
compounds, with the excess of barium chloride remaining in the liquid; thus the 
volatile acids are removed. 

. The amount of sulphuric add required is estimated by withdrawing a sample of liquor, filtering 
•b weighing off 10 g. into a flask, adding 140 c.c. of distilled water, and 1 c.c. of concentrated 
sulphuric acid, connecting the flask with a Liebig’s condenser, and distilling over 100 c.c. Finally, 
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this volume, which contains all the volatile acids, is titrated with standard caustic soda solution, 
using phenolphthalein as indicator. The organic acidity is then calculated in terms of sulphuric 
acid, and then the necessary charge of sulphuric acid for the total amount of crude liquor is calculated 
and run in. 

After a thorough agitation the liquid is filtered through the filter press d, Fig. 46, into 
the feeding tank e, and is thence pumped into the evaporator f, and concentrated until 

the level of the liquor in the gauge 
cc glass remains constant. The vola- 
k tile fatty acids still remaining (for 
• ^ they are not completely precipitated 

/p- ' " -( 5 by the barium chloride) are in part 

/pfl/o* ©j V ^ expelled with the water vapour, but 

H S part remains to combine with the 

/ x=====^r= = ^ ^4 glycerol as the concentration pro- 

| ceeds, and are retained by it in 

j ] ■■■■■I TS— ^ the form of glycerides. Finally, 

' := --~-| when the concentration has pro- 

X \j 1 ceeded so far that the liquid 

*TjP-contains 85 per cent, of glycerol, 

n_3 — JjL % it is discharged from the evaporator 

J ^ *.f* T*; \ ^ f into the receiver k, and is tested 

J» s fur total acidity by adding excess 

Lf\ ^ ‘li A li'j/— .0 of standard alkali to a measured 

o — =—===---*jj *g sample of the hot glycerol, heating, 

c J . =m=*r\ jtjL u and titrating back the excess of 

M N eLU| ^ t 5 alkali with standard sulphuric acid. 

^ | This gives the measure of organic 

j? J N J § acids still present. The amount 

*§ ^j! j ^ <3 of a saturated solution of sodium 

L=JH 3 r^‘ a ® carbonate (soda-ash) required for 
J —T Sj ^ 2 & neutralisation is now calculated, 

^ JUUul. 5 | and added to the crude glycerol in 

55 ^ E the receiver K, the amount being 

1 iiL 5 > , 1 F =5 sufficient to render the mass slightly 

<3 firrtr TT / i 3 » alkaline. The crude glycerol is 

/- nr iH u i ~ 1 now distilled. 
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Garrigue’s Process for 
Distilling Glycerol. — Fig. 47 
shows a complete Garrigue's plant 
for glycerol distillation, a is the 
still in which the crude glycerol 
is heated to about 163° C. by a 
closed steam coil, while a vacuum 
pump h maintains a vacuum of 
about 28 in. Under these circum 
stances the glycerol rapidly distils. 
k is an evaporator, filled with 
“sweet-water” from a previous 
distillation. This glycerol water 
is heated by closed steam coils in 
the evaporator (the steam used is 
low pressure direct from the ex¬ 
haust of the vacuum pump h), 
while a vacuum of about 22 in. 
is maintained within the vessel. 
Under these circumstances the 
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glycerol water rapidly boils, and a current of steam at a temperature considerably 
below ioo° C. is driven along the pipe vinoh , and rushes through a series of tubes 
running through the centre of a chamber c (the “superheater”), which is filled 
with hot glycerol vapours at about 160 0 C. on their way from the still a to the 
receiver d. Here a double action occurs. On the one hand the cooler pipes 
conveying the steam from k serve to condense the glycerol, while on the other 
hand the hotter glycerol vapours serve to heat the pipes, and consequently the sweet- 
water vapours become greatly superheated to a temperature of about 160° C., 
and blow rapidly in this dry superheated condition through the perforated coil 
qr into the boiling glycerol in the still, and aids its distillation. The abstraction 
of heat from the vapour of the distilling glycerol where it meets the steam pipes in 
c causes a large part of the glycerol to condense on the tubes of the superheater, 
and thence drop into the first receiver i>. This glycerol is a finished product, 
being almost water-white, with a density of 1.263. A large proportion of the 
glycerol vapours, however, pass on up the tube st, and enter a chamber e, called 
the “ Glycerol Cooler.” Through this chamber run a number of tubes conveying 
hot water, which, entering at a temperature of about 66° C., and leaving at about 
88° C. (being heated in its passage by the hot glycerol vapours condensing on the 
tubes), causes the glycerol alone to condense and drop into the receiver f, while 
the steam passes on into the condenser o. 

The glycerol condensed in f has a sp. gr. of about 1.250. It is not advisable 
for all the glycerol to condense in f, otherwise the volatile fatty acids which have 
escaped elimination in the crude glycerol evaporator would also condense and 
impart to the glycerol in f a too high acidity. Consequently matters are so 
arranged that about 3 per cent, of the total glycerol passes on with the steam 
through uv, and enters the sweet-water condenser gg. Here it enters a chamber 
filled with copper pipes carrying a stream of cold water, and consequently almost 
all the steam and glycerol condense to sweet-water, which, pouring down through 
the vacuum pump h, are passed by the tube wx into the sweet-water tank jj. 

Usually the sweet-water does not condense in quantity sufficient to keep the pump H properly 
sealed, and so it is usual to have a small return pipe yz from the open sweet-water tank to the 
pump suction, so as to allow some of the sweet-water to maintain a continuous circuit through 
the pump. 

In the best practice matters are arranged so that about 2 lbs. of steam are injected into the still 
for every pound of glycerol distilled. Since the sweet-water should contain about 3 per cent, of the 
total glycerol, it follows that it should have a glycerol content of about ij per cent. 

From the sweet-water tank j the sweet-water is fed continuously (being sucked 
in by means of the vacuum) into the evaporator k. The glycerol content of the 
sweet-water in k continually increases as the distillation proceeds, and at the same 
time there is a continual increase in the volume of sweet-water in circulation. 
When the glycerol in the evaporator k reaches about 25 per cent., it is run into 
the concentrator mm, and evaporated until the concentration becomes 80 per cent, 
glycerol. Since all the volatile acids gradually accumulate in the sweet-water, this 
concentrated glycerol must be returned to the still for redistillation. Towards the 
close of the operation the still a is shut off by closing the valve aa; the valve bb 
is opened, and the glycerol in kk is concentrated until it reaches 80 per cent. 
The aqueous vapours condensed from this concentration are run to waste through 
the vacuum pump. 

In some works the contents of the sweet-water concentrator K are emptied from time to time 
into the settling tank of the crude glycerol plant, and fed with the rest of the glycerol into the still 
as required for distillation. 

While distilling it is best to maintain the feed of crude glycerol at a constant level, just above 
the perforated jet-pipes, during the whole time of distilling (twenty-four hours). The charge then 
left in the still is run into the waste lye treatment tank, where the colouring matter is removed by 
chemical means as previously described. 

Uses of Glycerol. —By far the greater part of glycerol is used for making 
nitroglycerine; besides this it is used as a sweet conserving fluid for preserved 
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fruit, as a lotion or basis for ointments, in gas meteis and hydraulic jacks to prevent 
freezing, for lubricating moulds, for preventing shrinkage in wooden vessels, in clay 
modelling, in artists’ colours, in calico printing, in cements and inks, in photo¬ 
graphy, to impart elasticity to leather and paper, etc. Glycerol is sometimes 
(illegally) added to alcoholic drinks as an unfermentable and harmless sweetener. 

Properties of Glycerol.— When pure, it is a solid, M.P. 20° C, but as usually 
obtained it is a sweet tasting, thick liquid, colourless, of sp. gr. 1.265 at J S* C.» 
and B.P. 290° at 760 mm. (with slight decomposition), 210° C. at 50 mm., 179.5* C. 
at 12.5 mm., 163° C. at to mm. It does not volatilise at ordinary temperatures, 
but when heated at ioo° C. a slight loss occurs, especially in the presence of steam. 
Heated with dehydrating agents it changes into acrolein, thus— 

C 3 H 8 0 ^C 3 H 4 0 + 2 H 2 0 . 

When pure, glycerol ignites at 150° C., and burns gently with a pale blue flame 
without odour or residue. 

Dynamite glycerol must have a minimum sp. gr. of 1.262, contain no 
CaO, H 2 S 0 4 , or Cl, not more than 0.1 per cent, of ash, and must not reduce 
AgNO s solution. Glycerol derived from decomposing fats frequently contains 
trimethylene glycol, C 8 H 6 (OH) 2 , which lowers the boiling point and specific gravity. 

At 160 0 C. glycerol dissolves two-thirds of its weight of boric acid, forming glyceryl borate, 
C 3 H 6 B 0 3 , which is used as a preservative (“ boro-glyceride ”). Glycerol is miscible in all pro¬ 
portions in water and alcohol, sparingly soluble in ether (1,000 parts ether dissolve 2$ glycerol) 
and in ethyl acetate, 100 parts of which dissolve 9 of glycerol; glyceiol is insoluble in chloioform, 
petroleum ether, benzene, and carbon disulphide, also in oils and fats. Glycerol is an excellent 
solvent, many substances dissolving in it with greater ease than in water or alcohol; thus it dissolves 
98 per cent, soda crystals, 60 per cent, borax, 50.5 per cent, potassium arsenate, 50 per cent, zinc 
chloride, 40 per cent, alum, 40 per cent, potassium iodide, 30 per cent, copper sulphate, 25 per 
cent, ferrous sulphate, 25 per cent, potassium bromide, 20 per cent, lead acetate, 20 per cent, 
ammonium carl>onate, 20 per cent, arsenious oxide, 20 per cent, arsenic acid, 20 per cent, ammonium 
chloride, 15 per cent, oxalic acid, 10 per cent, barium chloride, 10 per cent, copper acetate, 8 per 
cent, sodium bicarbonate, 7.5 per cent, mercury bichloride, 5 per cent, calcium sulphite, 3.5 per 
cent, potassium chlorate, 1.9 per cent, iodine, I per cent, calcium sulphate, 0,7 per cent, iron oleate, 
0.9 per cent, magnesium oleate, 1.18 per cent, calcium oleate. Glycerol also dissolves caustic 
alkalis, alkaline earths, and lead oxide, and in the presence of caustic alkalis also ferric oxide, 
cupric oxide, and bismuth oxide. 

Glyceryl Phosphoric Add, C 3 H„.( 0 H) 2 . 0 . FO( 01 I —Formed by mixing P e O f , with glycerol, 
and known only in aqueous solution (20-50 per cent.). Dibasic acid, baits used medicinally, having 
a strong action on the nervous system. In this form phosphorus is rapidly assimilated. Tonal is 
the name given to preparations of its salts, kalio-tonal being potassium glyceryl phosphate. 

Statistics. —The world’s production of glycerol amounts to 80,000 tons. Germany produces 
about 10,000 tons. England imported in 1910 about 4,000 tons, of value ^230,000 ; she exported 
11,900 tons, of value £653,000. The United States imported in 1910 41,182,000 lbs., of value 
$3,666,000. 

Detection and Estimation of Glycerol. —To detect-glycerol dry the substance thoroughly at 
ioo° C., mix with twice its weight of finely powdered potassium hydrogen sulphate, and heat (on 
the sand bath) in a small flask fitted with a leading tube passing into a test-tube placed in a freezing 
mixture. In the presence of glycerol the characteristically smelling acrolein will be evolved, the 
presence of which may be confirmed by adding to the liquid in the test-tube a few drops of a mixture 
of 3 g. of silver nitrate in 30 g. ammonia (sp. gr. a 923), and 3 g. of sodium hydroxide in jog, water, 
A silver mirror should rapidly appear. 

Estimation of Glycerol in Fats.—The glycerol is separated from the fat by saponifying with 
alcoholic KOH, filtering the soap solution, setting free the fatty acids by HC 1 , and filtering them off. 
The aqueous extract, containing all the glycerol, is neutralised with BaCO a , evaporated, and the 
glycerol extracted with ether. On evaporating the ether the crude glycerol is left and may be 
weighed. A weighed portion of this glycerol is acetylated in the usual way with acetic anhydride 
and dried sodium acetate, the excess of acetic arid exactly neutralised with NaOH in the cold, and 
the number of acetyl groups in the CjH^OC^HsOfo determined by adding excess of standard NaOH, 
and boiling and titrating hack with acid. From the equation— 

C g H*( 0 QjH 3 0 ),+3NaOH « C,H,(OH)b+ 3 CyS 8 0 *Na, 

it will be seen that 3 molecules of NaOH used up denote 1 molecule of glvcerol present. The amount 
of glycerol in the whole may then be estimated. This method cannot he used for waste soap lye and 
other products low in glycerol. It gives somewhat low results. . 
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Estimation of Glycerol in Soap Lyes.—250 c.c. of soap lye is acidified with II 2 S0 4 , the 
fatty acids filtered off, lead acetate added, the precipitate filtered off, the solution evaporated, made 
up to IOO c.c., and 25 c.c. are boiled thirty seconds with 25 c.c. concentrated H a S0 4 and 40 c.c. 
KjCrjOy solution containing 75 g. per litre. From the equation— 

3 C 3 II 8 0 8 + 7 KgCrjO^+28H2SO4=9CO2 + 40^0 4 * 7Cr a {S0 4 )3 4 " 7 K a S 0 4 , 

it will be seen that for every 1 g. of glycerol oxidised 7.5 g. of dichromate disappear. The exact 
strength of dichromate before and after boiling is found by titrating with ferrous ammonium sulphate 
in the ordinary way. From the loss in strength of the dichromate the amount of glycerol can be 
calculated. The results are usually too high. 

For a critical survey of other methods of glycerol estimation the reader is referred to Allen’s 
•‘Commercial Organic Analysis,” Lewkowitsclrs “ Chemical Technology and Analysis of Oils, hats, 
and Waxes,” or Wright-Mitchell's “Oils, Fats, and Waxes.” 
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The volatile essential oils, which are produced in numerous plants, differ from 
the fixed oils in many important particulars. 

Most essential oils are mobile odoriferous liquids 
which, as a rule, may be distilled without under¬ 
going decomposition, and usually they are composed 
of several constituents, in one or more of which 
the characteristic aroma of the oil is concentrated. 

In some plants the essential oil is contained 
in the blossoms, while the rest of the plant con¬ 
tains little or none. In other plants, such as those 
that produce spices, the bulk of the oil may be in 
the root or bark; whilst in others, again, essential 
oil, in proportions varying with the stage of growth, 
occurs in all the organs of the plant. 

Various methods of separating the oil are in 
use, the choice depending upon the nature of the 
oil and the quantity that can be extracted. 

Thus in preparing scents from flowers the petals 
are heated in stills containing water, the steam 
carrying over the volatile oil into the condenser. 

Fig. 48 shows a still of this kind much used in France. 
It consists of a still A placed over a fire B. Inside A is a 
perforated copper basket m containing the flowers. The 
_ still is neatly filled with water, which, boiling, carries over 

the essential oil with the steanT'through f into the condenser u. The water and oil as it condenses 
discharges into the Florentine vase u, the essential oil usually collecting on the surface of the water, 
whence it is drawn off from time to time. The condensed water runs back through L into the boiler. 

In the larger modern stills the steam is introduced from an outside boiler, and 
as the temperature and pressure can thus be better regulated there is less risk of 
overheating oils of delicate aroma. 

In separating oils from lemon and orange peel and other products containing 
a large proportion of essential oil mechanical methods of expression are commonly 
employed, and distillation with steam is only used for separating an inferior grade 
of oil from the residues. 

The rinds of such fruits as limes, lemons, oranges , bergamots are rich in essential oils—the 
so-called citrus oils—and much attention has been directed in recent years to expressing those oils 



Fig. 48.—Perfume Still 
(Manufactured by Egrot, Paris.) 
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economically from them, an object all the more imj>ortant a* those rmds aie, to a great extent, 
a waste product. Ihe following .ne recent English Patents13,171, 1904; 6,036, 1909; 
I5»552» I909- 

An extraction method with a volatile solvent such as alcohol, or with olive oil 
or lard, is used in the preparation of delicate scents, the essential oils being 
subsequently separated from the extracts. 


A typical modern extraction plant (Egiot’s, of Paris) is shown in I<ig. 50. The volatile sohent 
(alcohol, ether, benzene, carbon bisulphide) is raised by the pump into the collector i>, which is 
provided with a glass gauge tube by means of winch the volume of the contained liquid may be 
ascertained. The basket g, filled with plants, is lowered by mtans of tackle into the extractor A, 
which is then closed. Next the solvent from 1) is run into the heater K, containing a steam worm, 
and, according to its density, is thence sent into the extractor A either from abo\e (by the pipe b') 
or from below (pipe b), and comes out again by one of the pipes c or c', after which, charged with 
perfume, it goes into the evaporator B by the pipes d and/. litre in B a heating coil vaj orises the 
solvent, which passes as a vapour 
up the tube g into the condenser 
C and thence into the collector 
i), where it re-enters into circu¬ 
lation. The perfume remains 
behind m B. Finally the solvent 
is distilled off from the exhausted 
flowers in A. If alcohol is used 
as a solvent it soon becomes 
diluted with the moisture con¬ 
tained m the flowers. Con¬ 
sequently the alcohol is distilled 
away from A through a rectifier 
F, which only allows a suffici¬ 
ently alcoholic distillate to pass. 

This is condensed in c and 
collected in n and used again; 
after which A is opened and the 
basket withdrawn and replaced 
by a basket filled with fresh 
floweis 

Characteristics.— 

Essential oils differ widely 
from one another both in 
properties and composition, 
and it is not possible to 
classify them into distinct 
separate groups, as in the 
case of the fixed oils and 
fats. 

Some are colourless, 
while others are green or 
dark brown in colour. In Fig. 49 -— Perfume Still. (Egrot, Pans.) 

most cases they are lighter 

than water, but a few, like oil of cinnamon, are heavier. In some cases they readily 
undergo oxidation upon exposure to air and light; and hence it is usual for the 
manufacturers to send out orange or lemon oils in copper vessels the top of which 
is sealed with solder. 

Frequently an essential oil is made up of several fluid constituents, while in other 
cases solid compounds (the so-called stearoptenes) are present in solution, and 
can be separated by chilling the oil. “ Otto ” of rose may be cited as an instance 
of this kind. 

A high refractive index is a characteristic of essential oils, and its determination 
is one of the most important means of ascertaining the purity of an oil. 

The compounds that have been isolated from essential oils include the hydro¬ 
carbon series known as terpenes, having the composition C 10 H lc ; alcohols and 
ketones related to the terpenes, such as boineol, C l 0 H 17 OH, and camphor, C l 0 H 10 O; 
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compounds typified by the alcohols, geuniol and utronellol, phenols and their 
derivatives , and aliphatic derivatives 



Jig 50—Extraction Plant for Essential Oils. (Egret, Pans ) 


Analysis of Essential Oils. —The estimation of the quantities and propor¬ 
tions of special compounds m an essential oil is of great importance in certain cases 
m.which it pays to separate the active constituent and to sell it separately, and also 
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in the detection of adulteration when an oil containing a certain compound is mixed 
with another which does not contain it. 

For instance, Japanese peppermint oil contains upwards of 80 per cent, of 
menthol, and a large proportion of this is frequently separated by a process of 
freezing, leaving only about 30-35 per cent, in the so-called “ dementholised ” 
oil, which is accordingly sold at a considerably lower price, and often used to 
adulterate untreated peppermint oils. 

Again, clove oil should contain over 70 per cent, of the compound, eugenol, and 
should the proportion be much lower than this, the addition of an adulterant, such 
as oil of turpentine, is suggested; or a portion of the eugenol may have been 
removed and sold separately. 

The essential oils which contain characteristic compounds, the estimation of 
which may afford data as to purity, include the following important products:— 

Citronella oil (containing citronella); lemon-grass oil (containing citral); sassa¬ 
fras oil (containing safrol); bergamot oil (containing linalyl acetate); peppermint 
oil (containing menthol); (clove oil containing eugenol); lemon oil (containing 
citral); aniseed oil (containing anethol); oil of camphor (containing safrol); and 
eucalyptus oils (containing eucalyptol). 


In addition to estimating the characteristic constituents of an oil, where this is applicable, the 
various physical properties are also determined, and the oil is separated by fractional distillation into 
several fractions which may then be further examined. 

The specific gravity of essential oils may show great variations, as for example :— 


Aniseed oil - - - - 0.9852 

Bergamot oil - - - - 0.8808 

Lemon oil - - - 0.8498 


Clove oil 1*047 

Rose oil .... 0.8912 
Turpentine oil 0.873 


Thus an addition of, for instance, turpentine oil to clove oil would reduce the specific gravity 
below the normal figure. 

The optical properties usually determined are the refractive index and the specific rotation. 
For instance, clove oil has a specific rotation of about - 4 0 , w hile turpentine oil often has a rotation 
as high as - 75 0 . 

Again, lemon oil has a pronounced dextro-rotatory power (about + 6o°), whereas lemon-grass 
oil is nearly inactive in this respect ( + 3° to - 3 0 ). 

The solubility of an oil in certain solvents is in many cases a useful test. Thus citronella oil 
should dissolve completely in two to three times its volume of 80 per cent, alcohol at 20° C., 
whereas an oil containing paraffin oil, which is a common adulterant, is much less soluble. 

The use of the distillation method is valuable, in the examination of lemon oil, which is 
very frequently adulterated with oil of turpentine. Now since the latter has a considerably lower 
boiling point it can be concentrated in the first tenth of the distillate, and then detected by 
determining the optical activity of this fraction. 

One of the most difficult adulterants to detect is an addition of terpenes, the residual fraction 
left in the manufacture of so-called terpeneless oils. The latter are products made, for instance, 
from lemon oil by removing the inert substances (the terpenes) so that an oil with a much more 
concentrated flavour is obtained. Prepared oils of this kind are used in the mineral water industry, 
and give an improved flavour which more than compensates for the increased cost. 

Inr cases where the residual terpenes have been used to adulterate, e.g. t lemon oil, the physical 
properties of the oit might be made so nearly normal as to make the oil seem genuine. 

The adulteration of certain oils used in perfumery, such as rose oil, may also be done so 
skilfully that reliance must in the last resort be placed upon the judgment of a specialist who can 
discriminate between the odour of a genuine and an adulterated product. 

Statistics. —The quantity of essential oil imported into the United Kingdom is shown below. 
Figures are also given showing the value of the artificial essential oils. (For these see next article 

by Dr Martin on Synthetic Perfumes). 



1908. 

1910. 

Value in 1910. 

Natural essential oil 

Artificial essential oil 

Lbs. 

1,841,300 

163,400 

Lbs. 

I,^* 000 

169,600 

.£320,000 

34.400 


The United States in 1910 imported 415,000 lbs. of essential oils, of value $309,383. The export 
in the tame year was iio,oo6lbs. of peppermint oil {value, $216,000), and $322,000 value of other sorts. 
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XIII.—SYNTHETIC PERFUMES 


By G. Martin, Ph.I)., D. Sc. 

LITERATURE 

See under “ Essential Oils.” 

Within recent years certain synthetic perfumes of great technical importance 
have been placed on the market. Perhaps the most important are Ionone (odour 
of violets) and Vanillin (aromatic principle of vanilla). Although most perfumes 
can be prepared synthetically from coal-tar products, yet in many cases they are 
merely separated in a pure state from less costly natural oils, sometimes by 
fractional distillation, and sometimes by other chemical actions. Thus, phenols, 
for example, are separated from aldehydes and ketones by their capacity for dissolving 
in caustic alkali; aldehydes and ketones (e.g., citral) are separated by causing them 
to unite with sodium bisulphite; while sweet-smelling alcohols (e.g,, geraniol) may 
be separated by causing them to unite with anhydrous calcium chloride, or by 
estcrifying them with dibasic acids and dissolving out the resulting esters with 
alkaline carbonates. The volatile products thus isolated are purified by distillation, 
the solid by crystallisation from organic solvents. 

The scent industry has received a powerful impetus from synthetic scents, and Germany now 
turns out annually scents to the value of ,£2,000,000. The majority of the natural odours of flowers 
are due to complex mixtures of different scents. Almost all of these scents have been successfully 
reproduced by mixtures of synthetic scents, ranging from that of the violet to that of the rose. 
Although natural oil of roses contains about twenty different odorous substances, yet chemists 
employed by the German firms of Heine & Co., Schimmel & Co. (Leipzig) have succeeded in 
isolating all the components, synthesising these or preparing them from less costly oils, and then 
reuniting them in the proper proportions. 

Synthetic attar of roses is now on the market. 

Similarly ionone —an enormously powerful scent—is the basis of all violet-like scents. 

In 1910 England imported 169,599 lbs- ( = 75-7 tons) of artificial essential oils, worth .£34,370. 
Of this Germany contributed 140,000 lbs. (82 per cent.). The natural essential oils imported had 
a value of ,£320,000, and a weight of 900 tons. 

The following are the chief synthetic (simple) perfumes, many of which occur 
naturally in essential oils :— 

Alcohols 

Citronellol, C ]( )H 20 O.—Artificially made by reducing citronellal. Occurs in 
rose and geranium oil. Used for making artificial Rose Oil. B.P., 224-227. 

Geraniol, C 10 H 18 O.—Isolated from paimrosa citron oil. Used as soap 
perfume, and for artificial rose oil. B.P., 230-232. 

Linalol, C 10 H 18 O.—Isolated from linaloe oil, and used as a substitute for 
linaloe oil. B.P., 199-200. 

Benzyl Alcohol, C 6 H 6 .CH 2 OH, from benzaldehyde by reducing also by 
treating benzyl chloride with lead hydroxide and water. Used as a constituent 
of perfumes. 

Phenylethyl Alcohol, C 6 H 6 .CH 2 CH 2 OH.—Prepared by reducing phenyl- 
acetic acid, CpH 6 .CH 2 .COOH. Occurs in rose water and rose oil. Soluble in 
water. Used m producing a rose scent. 

Cinnamic Alcohol, Styryl Alcohol, C 6 H 6 .CH: CH.CH 2 OH.—Isolated 
fromstorax. Hyacinth odour. M.P., 33 0 ; B.P., 255. 
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Menthol, C 10 H 10 OH.—Isolated from Japanese peppermint oil by freezing 
out; forms needles. M.P., 44°; B.P., 216. Used for peppermint oil, and in 
medicine. 

Terpineol, C 10 H 17 OH, occurs naturally in different ethereal oils, and is 
produced artificially by reducing Pinene. Important constituent of many perfumes. 
Odour of hyacinths, hawthorn, or lilac. 

Santalol, C 15 H 25 .OH.—Isolated by fractional distillation from sandal-wood 
oil. Used in medicine and perfumery. 

Aldehydes 

Citral, C 9 H 16 .CHO.—Isolated from lemon-grass oil. Used as a lemon aroma, 
and for manufacture of ionone. B.P., 227-229. 

Citronellal, C 0 H l7 .CHO.—Isolated from the oil of the Eucalyptus maculata , 
var. citriodora . Used in perfumery. 

Benzaldehyde, C 6 H 6 .CHO (oil of bitter almonds, etc.).—Used as a soap 
scent. Manufactured on large scale. See p. 429. 

Anis-aldehyde, C 6 H 4 (OCH 8 ).CHO (1:4).—Prepared by oxidising anethol, 
C 6 H 4 (OCH 3 ).C 8 H 5 , or by methylating /-oxybenzaldehyde. B.P., 244 0 C. Haw¬ 
thorn scent. Soap perfume. 

Heliotropin, Piperonal. —Prepared from isosafrol by oxidation. Yellow 
/CHO (1:3:4) crystals. M.P., 36-37. Heliotrope scent. Soap perfume. 
c,Hi, \ q>ch 2 

Vanillin, C 6 H 8 (CHO).(OCH s )(OH) (1:3:4), occurs naturally in the vanilla 
pod and is prepared synthetically on the large scale by oxidising isoeugenol or 
eugenol, by introducing an aldehyde group into guaiacol, and by methylating 
proto-catechualdehyde. M.P., 82°. Used for perfuming food, and as a substitute 
for vanilla. 

Phenylacetaldehyde, C 6 H 6 .CH 2 .CHO.—Prepared by reducing phenylacetic 
acid, and from cinnamic acid. B.P., 210° C. Hyacinth odour. Soap perfume. 

Cinnamic Aldehyde, C 6 H 6 .CH = CH.CHO, occurs in various oils ; prepared 
by condensation of benzaldehyde with acetaldehyde. B.P., 125° at 15 mm. 
Substitute for cassia oil. 


Ketones 

Canrone, C l0 H u O.—Isolated from caraway, dill, and spearmint oils. Used for 
beverages, etc. 

Ionone, C^H^O. — Synthetically prepared by condensing citral with acetone 
CH3.CII, by means of alkalies and then treating with 

acids. B.P., 243-246° C. Most important 
H,c ■/ '\-CH.CII s CH.CO.CH, “ Violet ” scent. 


HaCJ W' CCI1 ’ 


Ionone. 


Phenols and Phenolic Esters 


Carvacrol, C 10 H u O, and- Thymol, C l0 H u O, are isolated parts of various 
essential oils. 
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Anethol, C 6 H 4 (O.CH 8 )(C 8 H 6 ), occurs in oil of anise seed and other oils. 
Separated by freezing out M.P., 21; B.P., 235. Important perfume^ 

Eugenol, C 6 H 8 (OCH 8 )(C 8 H 6 )(OH).--Isolated from oil of cloves by treating 
with KOH. Used for making Vanillin, also as a perfume for beverages. Iso- 
eugenol is isomeric with eugenol and is easily converted into it by alkalies. 

Safrol, C 1(> H 10 O 2 .— Isolated on industrial scale from sassafras oil and used 
for making Heliotropin, also as a soap scent. 

Nerolin, C l0 H 7 .OCH3, /^naphthol-methyl-ether; smells somewhat like pine¬ 
apples. Soap perfume. 

Oxides 

Cineol, C 10 H 18 O, occurs in numerous ethereal oils. B.P., 177 0 C. Camphor¬ 
like odour. Cosmetic and soap perfume. 


Fatty Acid Esters 

See under Fruit Essences, p. 382. Important besides are— 

Geranyl Acetate, Linalyl Acetate, Borneol Acetate, and Amyl 
Salicylate.—Methyl ester of anthranilic acid and homologues. 


Lactones 

jo v 

Coumarin, C 6 II 4 <^ j>CO, occurs in Tonquin beans, and is s>nthesised by 

'-' 2^2 

Perkin’s reaction from salicylic aldehyde and acetic anhydride. Impoitant perfume. 


Miscellaneous 

Allylisothiocyanate, C 4 H 5 SN, is the active constituent of mustard oil, and is 
manufactured by distilling ally! iodide with alcoholic potassium thiocyanate, 
CN.SK + C 8 H 5 I = CS.N.C 3 H 5 + KI. B.P., 151 0 C. 

Artificial Musks are nitrated tertiary butyl alcohols made by various processes 
(see English Patents, 18,521, 1888; 4*963, 1889), but have no chemical relationship 
to real musk , whose odour is due to a ketone, C 16 H 28 0 , of unknown constitution. 
Soap and toilet perfume. 

Indol, C 8 H r N.—Prepared from indigo, and used for making synthetic 

Jasmin oil. 

Nitro-benzene, C 6 H*N 0 2 , is sometimes used instead of benzaldehyde, the 
odour being somewhat similar. See pp. 422, 429. 
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Bv G. Druce Lander, D.Sc., F.I.C. 
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Sugar to the chemist is the general name of a numerous group of organic com¬ 
pounds containing carbon, hydrogen, and oxygen, the last two in the proportion of 
2 atoms of hydrogen to 1 atom of oxygen, the group being a division of the larger 
family of carbohydrates. 

The chief classes of sugar are :— The Monoses, hexoses , C 6 H 12 O e , represented 
by glucose, fructose, and galactose ; pentoses , C 6 H 10 O 5 , represented by arabinose and 
xylose. Bioses, C 12 H 22 0 11? represented by sucrose, maltose, and lactose. Trioses, 
CisHj^Oia, raffinose, only those sugars of technological importance being mentioned. 
All the sugars are soluble, crystalline, neutral, and sweet compounds of vegetable 
origin, excepting lactose or milk sugar, which is the characteristic sugar of the milk 
of all mammalian animals. Numerous synonyms for the common sugars are in 
use, and may give rise to confusion. They are:— 


Sucrose 

Glucose 

Fructose 

Lactose 

Maltose 


cane sugar, saccharose, or sugar, 
dextrose, grape sugar, 
levulose, fruit sugar, 
milk sugar, 
malt sugar. 


In technology “sugar” means Sucrose, C 12 H 22 O n , whether derived from the 
sugar cane, beet, sugar palm, date, or maple. 

In the following account of the technology of sugar no more can be attempted than to convey an 
idea of the chemical considerations, so far as they are known, which underlie the various steps; and 
to indicate the special chemical engineering problems which had to be solved in order to attain the 
modem high percentage of extraction from the natural juices. For details as to the numerous 
precautions and special points which have to he scrupulously observed in practice, reference may 
be made to the excellent special manuals of the subject. 
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SUCROSE (CANE SUGAR, BEET SUGAR), C 12 H 22 O u 

Properties. —Sucrose forms anhydrous, monoclinic crystals of sp. gi. 1.581 at 
15° C. It is extremely soluble in water. A saturated solution at 15 0 C. contains 
66.33 per cent, sugar. 

A general formula for the solubility is per cent, sugar — 64.1835 + o. 13477/ 
4-0.0005307/* (/= temperature 0 C.). 

The boiling points of sugar solutions at 760 mm. are :— 

Ter cent, sugar - - 10 20 30 40 50 60 70 80 90.8 

Boiling point - - 100.4 100.6 101.0 101.5 102.0 103.0 106.5 112.0 i30.o°C. 

For the rapid analysis of the fairly pure sugar liquors in the works, specific 
gravity is taken by Brix or by Balling hydrometers, which indicate total solids, the 
Btix for cane, the Balling for beet juices. 

For crude beet juice, on the other hand, this method will not work on account of the foreign 
extract matter. Hence the percentage of sugar in beet juice itself is always determined by the 
polarimeter. 

Of special significance as regards the crystallisation of sugar from solution is the 
effect of mineral salts. These retard crystallisation, exercising a so-called 
“ melassigenic power,” which causes the sugar in molasses to be uncrystallis* 
able. No satisfactory theory regarding this phenomenon has been put forward. 
It is usually held that 1 part of mineial salts (ash) will prevent the crystallisation 
of 5 parts of sugar. In commercial transactions raw beet sugar is valued on 
crystallisable sugar, i.e. t real per cent, sugar —ash x 5. (See p. 163.) 

Sucrose is dextro-rotary, having at 20° [a] D —66.435 + 0.00S7 *■-0.000235 
r* (Landolt)—concentration, />., the number of grams per 100 c.c. of solution. 

The rotation is slightly affected by foreign substances, particulaily alkalis. Basic lead 
acetate first reduces and finally increases the rotation when added in increasing amounts, but the 
change is (with quantities used in practice) negligible in ordinary work. 

When dry, sucrose melts without decomposition at 160° C., but enters into 
incipient decomposition even at ioo° when moist, giving at the melting point 
glucose 4* fructosan (C 6 H I0 O 5 ); at higher temperatures by loss of water the dark 
coloured caramel is formed, whilst finally it carbonises, giving off cat bon monoxide, 
formic acid, and other products. 

On boiling sucrose solutions it is gradually hydrolysed or inverted— 

^12^22^11 4 H2O = C fl H 12 0 6 4 QlljgOj 
Sucrose. Glucose. Fructose. 

—more rapidly under pressure. This inversion is favoured by metals and hindered, 
by reason of alkalinity, by glass. Acids, as is well known, accelerate inversion in 
proportion to their dissociation constants, sugar being rapidly inverted in warm 
solutions by mineral acids, less readily by organic acids (acetic, tartaric, 
succinic, etc.) 

Salts effect inversion if they suffer hydrolytic dissociation according to the nature of the metal and 
acid. Thus sulphates of zinc and copper being acid cause inversion, whereas salts of strong basses 
(alkali and alkaline earth metals) with weak acids (organic and carbonic acids) do not invert, and 
may by mass action check the inversion due to other salts. 

Sucrose forms sucrates with alkalis, such as C ]2 H 21 O n K which are alkaline and 
decomposed by carbonic acid. The sucrates of lime and strontia are of importance 
in technology. The mono- and disucrates of lime are soluble in water, decomposed 
by C 0 2 , and on boiling give insoluble tribasic sucrate, e.g .:— 

3 C l2 l IjgOuCaO — CiglljgOjitCaOJj 4 sCjgHgjOjj, 

which, when suspended in water, is also decomposed by C 0 2 . 

Lime is consequently more soluble in sucrose solutions than in water, and similarly the prevention 
of the precipitation of copper, lead, and iron by alkalis in the presence of sucrose is referable to the 
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formation of sucrates. Calcium sucratc solution further also dissolves certain insoluble salts such 
as calcium phosphate, oxalate, etc., which are reprecipitated when the sucrate is decomposed by 
carbonic acid. 

Sucrose forms unstable double compounds with salts, some of which may be got crystalline (those 
with alkali halides), others being viscous; this probably accounts for the melassigcnic power above 
referred to. 

Sucrose is acted on by many ferments. Thus by invertase of yeast it is trans¬ 
formed into invert sugar; it is also liable to the lactic butyric fermentation more 
characteristic of lactose. In cane juice it is liable to fermentation, giving rise to 
dextran, levulan, and ethyl acetate respectively. 

Sugar Production of the World, 1905-1909.* 


Country. 



1905-06. 

1906-07. 

1907-08. 

1908-09. 

1909-10. 

Cane Sugar. 








United States— 

Louisiana and Texas 



Ton*. 

348,752 

Tons. 

243,000 

Tons. 

352,000 

Tons. 

370,000 

Tons. 

335,000 

Hawaii 

- 


383.225 

392,871 

465,288 

477,817 

490,000 

Porto Rico - 

* 


213,000 

210,000 

200 ,OCO 

245,000 

280,000 

Total United States + 


944,977 

845,871 

1,017,288 

1,092,817 

1,105,000 

Cuba 

. 


1,178,749 

1,427,673 

961,958 

1,513.582 

256,061 

1,700,000 

Other West Indies - 



302,163 

275,257 

255.639 

316,000 

Mexico - 

- 


107,529 

119,496 

123,285 

125,000 

130,000 

Central America 

. 


18,516 

19,747 

19,258 

21,000 

694,655 

21,000 

684,000 

South America- 

* 


700,001 

628,777 

540,518 

Total America - 



3 , 25 L 935 

3,316,821 

2,917,946 

3.703,115 

3,956,000 

Asia 



2,926,209 

3 , 443.794 

3,421,827 

3.353,685 

3,260,000 

Africa 

. 


317,967 

326,825 

284,870 

318,992 

395 ,ooo 

Oceania - 



230,000 

249,000 

280,725 

231,098 

217,328 

Europe 

• 


15,722 


11,000 

20,000 

16,000 

Total cane-sugar production 

6,741,83 3 

7,352,840 

6,916,368 

7,626,890 

7,844,328 

Beet Sugar. 








United States - 

• 

• 

279,393 

43,-796 

413,954 

380,254 

457,562 

Canada - - • 

* 

- 

11,419 

,1,367 

7,943 

6,964 

8,802 

Total America * 

• 

- 

290,812 

443, ,63 

421,897 

387,218 

466,364 

Europe— 








Germany 

• 


2,418,156 

2,239,179 

2,129,597 

2,080,000 

2,040,000 

Austria-Hungary • 

• 


1 , 509,789 

1 , 343,940 

1,424,657 

1,398,000 

1,260,000 

825,000 

France- 

• 


•1,089,684 

756,094 

727,712 

802,000 

Russia - 

* 


968,500 

1,440,130 

1,410,000 

1,265,000 

1,150,000 

Belgium 

- 


328,770 

282,804 

232,352 

258,000 

250,000 

Netherlands - 

- 


207,189 

181,417 

175 . * *4 

214,000 

200,000 

460,000 

Other countries • 

• 


410,255 

467,244 


500,000 

Total Europe • 

- 


6 . 932,343 

6,710,808 

6,562,274 

6,517,000 

6,185,000 

Total beet-sugar production 

7 * 223,155 

7 , 153.971 

6,984,171 

6,904,218 

6,651,364 

Total cane and beet 

sugar 

- 

,3.964,988 

14,506,811 

13 , 900,539 

14,531,108 

>4,495,692 


* In long tons of 2,240 lbs., except in the case of European beet-sugar production, which has 
been retained in metric tons of 2,204.622 lbs., as estimated by Licht. United States beet-sugar 
data were obtained from reports on the Progress of the Beet-Sugar Industry in the United States; 
othek data from official statistics of various countries, and from Willett and Gray, 
t Not including the Philippine Islands, which are included under Asia. 
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Pare sucrose is not oxidised by Fehling’s solution, the gradual reaction being 
attributable to inversion. 

Production of Sugar. —The only sources of great commercial significance 
are from the juices of the cane and sugar beet. The sugar palm, date, sorghum, 
and maple are worked for sugar, which, however, chiefly finds local use. As 
regards distribution, cane is a tropical plant or sub-tropical indigenous to Southern 
Asia, and beet is a temperate zone crop. The annexed table from the U.S. Report 
on “Progress of Beet-Sugar Industry in 1909,” indicates both the geographical 
distribution and output in tons of sugar. 

The British importation for 1908, 1909, and 1910, in tons, was:— 



1908. 

1909 . 

I9IO. 

European refined (beet) - 

940,987 

944,372 

846,862 

Raw beet .... 

493.721 

522,175 

319,703 

Raw cane - 

240,420 

292,959 

562,165 

Total - 

1,675,128 

1 . 759,506 

1,728,730 

Per cent, beet 

85.7 

83-4 

67-5 

Per cent, cane 

14-3 

16.6 

32.5 


The average value per cwt. was 15s. iod. for refined, and 12s. iod. for un¬ 
refined. 

Sugar cane contains on an average: *—Sucrose, 11-16 per cent.; reducing sugar, 
0.4-1.5 per cent.; ash, 0.5-1.o per cent. Other constituents are fibre (10-15 per 
cent.), pectin, nitrogenous matter (0.6 per cent.), and organic acids. 

Beet juice contains about 15 per cent, sucrose and 5 per ce'it. non-sugar 
(ash 0.8, nitrogenous 1.6, pectin, dextrine, raffinose, and minor constituents). 

The per cent, sucrose of the total solid matter is the “ quotient of purity” and is 
a guide to the quantity of crystallisable sugar. 

The sugar content of the beet has been improved since 1840 from about 
6 per cent, by careful selection, only those roots showing a high sucrose per cent, 
being used for seeding. Occasionally beets contain over 20 per cent, sucrose. 
In the season 1908-09 the German average was 17.63 per cent., and for that 
season beets containing as much as 28 per cent, were noted. The average sugar 
yield per acre in Germany is 1.83 tons, the highest in Europe, the general European 
average being 1.47 (Russia, 0.81, Germany, 1.83).! As a rule high sucrose per 
cent, is found along with a low tonnage of crop. 

The yield of sugar from cane varies, averaging about 4 tons, and sometimes 
reaching over 5 per acre. 

The cost of production depends mainly on sugar content, and may be stated 
approximately at 9s. per cwt. under the most favourable conditions. In the good 
1908-09 season it fell to 8s. 6d. in Germany. The cost of cane is less by about 
is., and so low a figure as 6s. 6d. is quoted by Martineau. 

It has been repeatedly shown that good beet crops can be raised in Great Britain. Among 
recent demonstrations may be mentioned the Suffolk tests of 1906, reported on by the East Suffolk 
Chamber of Agriculture. The average crop of twenty independent trials was 14 tons 17 cwt. 
per acre of roots, containing 16.21 per cent, sucrose, of purity coefficient 87.3. The lowest yield 
was 6 tons 6 cwt., giving 15.96 per cent sucrose, of purity 89.7 (suffered from drought); the 
largest yield was 25 tons 10 cwt., giving 14.8 per cent, sucrose, of purity 83.0; the highest sucrose 
per cent, observed was 19.4, of purity 90.8, in a yield of 14 tons. 

A sample grown in Essex (1910) was found by the writer to give sucrose 15.6 per cent., with 
a purity coefficient of 92.8. 


* From Prinsen Geerligs* “Cane Sugar. ” 
f From G. Martineau, “Sugar.” 
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The stages in the technical extraction of sugar may be divided into (i) 
Preliminary treatment; (2) Preparation of dilute extract by expression or solution; 

(3) Purification or removal of extraneous organic matter (gums and proteins); 

(4) Concentration to thick syrup ; (5) Boiling to 
crystallisation or strike point; (6) ( rystallisation; 

(7) Turbinmg, or centrifugal separation from 
molasses. 

The later stages of this series (4-7) are alike 
for beet and cane, the other operations differing 
chiefly in detail. The operations will be outlined 
for the beet extraction first. 

1. The preliminary treatment consists 
in topping, which is done on the field, thoroughly 
cleansing, drying, weighing, and slicing the roots. 

Washing to remove earth and stones is performed 
by running the roots in a stieam of water, m 
w’hich a rotating axis having specially arranged 
wooden arms agitates them and drives them forward, stones sinking, and lighter 
impurities being removed by the reveise wuter current. 

More compact machinery is sometimes used, for example m Katide’s system, in which the 
roots arc fed into a vutical c>Under of water in which helices aie walking. They sink, are driven 

to the periphery, and then up¬ 
wards hy the screws to the exit, 
from which they are taken on 
an endless sciew\ The cleans¬ 
ing in such cases is caused by 
the rubbing of the roots to¬ 
gether, and requires that the 
mac lime shall be kept full. 

The beets are then 
sliced. They are fed into 
a hopper from which they 
pass on to a horizontal cir¬ 
cular disc carrying knives 
by which they are cut into 
slices. 

The most usual form is 
V shaped, like the ridge tile of 
a loof, a foim which tends to 
prevent close packing, a desir¬ 
able point in the subsequent 
diffusion. The discs vary from 
1 2-2.5 metres m diameter. 
The knives are fixed into 
holders, which can be easily 
liken off or fixed, and it is of 
gicat importance that they 
should be very keen, so as to 
give well-cut slices. 

2. The Preparation 
of a Solution-Diffu¬ 
sion. —Expression of the 
juice has been abandoned 
now for many years in the 
beet industry. The diffu¬ 
sion process( Robert, i860) 
takes advantage of the 
phenomenon of osmosis 
through the cell walk 
When immersed in watei; 



Fig. 510 —Beet Slicing Machine. (Brand 8 c Lhuillier, Billnn.) 



Fig. 51.—Section of Beet 
Slicing Knife. 
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Fig, 52. —Diffuser of 115 Hectolitres Capacity. (Brand & Lhuillier, Brttnn.) 


sucrose, salts, and the simpler organic acids and amino-acids are permeable, whilst 
pectins and proteins are retained in the cell. Such small quantities of these latter 
as are found in the diffusates are derived from cells which have been cut or torn 
in slicing. The thin syrup of diffusion is therefore purer than the plant juice. 






SUGAR 


14 7 


Further, diffusion may be made exhaustive and economical by allowing the water 
from partially exhausted slices to pass on successively to fresh ones, thus ensuring 
the continuity of the operation and the production of diffusion juice in the ratio 
of not more than 115 to 100 of cell sap, which shall contain practically all the 
sugar. Or manifestly, if desired, any percentage of sugar may be left in the slices 
as is done in the Steffen process, where about 3 per cent, of sugar is not extracted. 

A diffusion battery consists of several cells or diffusers arranged either in rows or in a circle, the 
number of cells varying from eight, but in modern work usually being from fourteen to sixteen. The 
diffusers are cylindrical iron vessels of fiom 4,000 to 8,000 litres capacity, and having on the average 



Fig. 53. —Pressure-Diffusion Process of Ilyross-Rak. 

the ratio 1:1.3 of diameter to height, provided with manholes at the top for feeding, and having 
discharging doors either in the base or at the side. Calorisators may be interposed between the cells, 
or heating may be effected by steam injection. 

The temperature for diffusion is from 7o°-8o° C. which should not be exceeded. The higher 
temperatures are better for sound beets and rapid work. 

The lowest theoretical volume of diffusion juice is 94-95 per cent., that is, the sap content 
of the roots. In practice 105-106 per cent calculated on the roots is usual. Higher dilution 
may mean more thorough extraction, but this may be commercially nullified by the greater fuel 
consumption required for evaporation. From o. 15-0.35 per cent, approximately of residual sugar in 
the slices represents the limit of extraction. 

In the working of a battery, that diffuser which has been freshly filled is charged with warm, 
nearly concentrated, juice, which can take up a little more sugar, and then with juices of diminishing 
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strength down finally to fresh water, which passes on through successive diffusers to saturation. 
The last charge of water is usually admitted from below in order to loosen the mass of slices so as to 
facilitate the discharge of the exhausted slices, which are expelled by compressed air or water. The 
first cell of the series (/.<?., the one freshly filled) is charged under pressure, which serves to propel 
the juice from cell to cell of the battery. The time occupied for a battery of sixteen diffusers will 
be about six minutes for each cell, or ninety minutes for the battery. 

In modern work certain variations in practical respects are in vogue. Ilot diffusion systems 
(Malichar-Cerny, Naudet, and Kohler) have for their object the formation of more concentrated 

juices by working rapidly at 85°, and 
further, by reason of albumen coagu¬ 
lation, the production of purer thin 
syrup. Saving in fuel and lime is 
thus effected. 

In Kaiser’s process the fresh slices 
arc warmed by spent steam to about 
70° before washing with juice. 

The pressure-diffusion 
processes of Hyross-Rak 
and Steffen aim at the utilisa¬ 
tion of the diffusion waste 
water, and the preparation of 
a more or less sugary diffusion 
slice for use as a cattle food. 
Since, as the result of the 
operation of the Brussels Con¬ 
vention, cane sugar has been 
able to compete on even terms 
with Continental beet sugar, 
and in consequence supply 
having overtaken demand, the 
value of 88° sugar is little in 
excess of the cost of produc¬ 
tion, attention has been turned 
increasingly to the support of 
the sugar industry by the pre¬ 
paration of high grade dry 
slices for feeding stock. 

Obviously such extraction 
methods must be combined 
with the installation of slice¬ 
drying plant. 

In Hyross-Rak’s process (Fig. 
53) the slices are forced by an Archi¬ 
medean screw through several dif¬ 
fusers arranged laterally. In the first, 
fresh slices are in contact with more 
concentrated juice and from this 
unit the thin syrup is withdrawn. 
In following units the successively 
poorer slices are in contact with 
thinner juices. The cells are cylin¬ 
drical at the beginning, conical 
thereafter, and open into enlarged 
spaces from which an ingenious 
propeller transfers the slices to the wide end of the next cell. In spite of the 180° turn of the moving 
mass it is claimed that the process is quite continuous. The water consumption is given as 25-30 
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thickness are cut (Fig. 54). From the slicer they are carried through an inclined tube by hot syrup at 
92°-97° into the diffuser consisting of a horizontal tube, in which the slices are at 82°-85°, leading to a 
second tube of perforated iron where separation of juice from slices takes place. The third element 
s an inclined tube, also perforated and built with the second into the same juica chamber. In it 
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the slices are lifted from the syrup and at the upper end submitted to preliminary pressure. Thence 
the slicers pass to a final inclined tube where mashing takes place and pass on to slice presses.. The 
slices remain three minutes in the brew vessels and the whole interval up to completed pressing is 
about ten minutes. 

Diffusion slices, or pulp, result in the proportion of about 85 per cent, 
of the original roots. Undried slices contain on the average 6 per cent, of total 
solids and 94 per cent, water. About 0.2 per cent, of sugar remains in the pulp, 
excepting in the Steffen or similar processes, when about 3 per cent, remains. 

By pressing, the total solids may be raised from 6 to 10 or 15 per cent., />., the 
yield of pulp may be reduced from 85 to 51 or 34 per cent, respectively. But 
strong pressure involves some loss of nutrient substance and pulp, and will therefore 
only be employed when it is intended to dry the pulp, in which case the saving 
of fuel will compensate the loss in question. 

Pulp presses for the most part consist of Archimedean screws on perforated axes working 
within conical perforated cylinders. As the pulp is driven forward it is compressed, the water 
draining away by the perforations in the axis and wall of the cone. An installation may be made 
tn which the pulp elevators end in conical press cylinders. 

It is to be remarked that those processes in which the diffusion press water is 
returned to the batteries as above mentioned effect saving both of sugar and other 
nutrient substances, as well as solving the problem of waste water disposal. 

Wet slices are often fed direct to farm stock, or are “ siloed,” that is, stacked 
in large heaps, when fermentation sets in with production of acidity due chiefly 
to lactic acid, and a fall in protein occurs. Wet slices do not, however, possess 
very great durability or commercial value, and in very many modern Continental 
works drying plant has been installed. Two systems are operated, namely, fire 
drying by furnace gases according to Buttner-Meyer, and steam drying according 
to Sperber, the former being more usual. 

The composition of dried slices varies; the subjoined figures from Stift- 
Gredinger, “ Zuckerriibenbau,” illustrate this point. 



Ordinary Slices. 

Steffen Sugar 

Ilyross-Rak 

(Steam- 

Dried).+ 


Fire-Dried. 

Steam-Dried. 

Slices.* 

Water. 

4.19-15.80 

8.36-11.76 

6.0513.0 

2.79 

Protein .... 

4.50-8.81 

6.69-10.25 

j- 5.80-7.0 j 

7-56 

Amides .... 

0.06-1.31 

0.12-0.25 

0.88 

Fat - • • • • 

0.22-1.80 

0.51-1.15 

0.30-0.50 

0.23 

Carbohydrate ... 

47.70-62.73 

55.14-60.64 

66.50-69.10 

61.45 

Fibre. 

13.60-22.84 

18.45-21.60 

10.50-19.95 

21.76 

Pure ash .... 

Sand ..... 

2.63-5.96 

0.02-2.94 

3.18-4.97 
0.04-1.13 

} 3 -SO- 5 -o { 

2.82 

2-51 


In the Biittner-Meyer system (Fig. 5$) the wet slices are fed into an oven, built into which are 
three tiers of horizontal rotating shafts having blades by means of which the slices are turned and 
propelled forward from set to set of agitators. In the opposite direction to that of the slices passes 
a current of mixed furnace gases and air, entering the kiln at 8oo°-i,ooo° C. By this hot current 
the slices are rapidly dried, and by reason of evaporation do not probably go above ioo° C. 
Drying is^not, however, pressed too far in case of fire. 

In ■team-drying according to the Sperber method, the slices after wet pressing are ground— 
to facilitate diying—and fed into an iron chamber having four double-walled iron troughs, heated 
by spent steam. Each trough is provided with a pipe calorisator heated by live steam at 4-5 
atmospheres, and with transport blades. The divided mass is thus passed along the first trough, on 
to the second, third, and fourth, alternating in direction. The disengaged steam is withdrawn by 
an exhaust, which also draws in warm air, a partial vacuum being produced, which aids drying. 


Containing 30.0-38.4 per cent, sugar. 


+ Containing 12,6 per cent, sugar. 















INDUSTRIAL CHEMISTRY 


- — rw-r». ,""Tpnt - 


? 



v • , 


. j: ; ’ ' 

;. 

rs-vj, ■ 

tuM 

f f ..; 


(■ -;r- rropu•- • 


1 . 

£L._.... .j 


r. , 


|g-. ■ 


3. Purification of the Thin Syrup. —Diffusion juice averages 11-15 P er 
cent, sugar, and i3°-i7° Balling, showing purity of 85.5-89.66, invert sugar not 
exceeding about 1 per cent., and ash being about 2.5-3.5 per cent. 

Vegetabledetritus from 
the batteries must be re¬ 
moved, and this is done by 
pulp filters, which are 
cylindrical fine sieves, in a 
wider containing cylinder. 
The juice, in passing 
through the filter, leaves 
solid particles on the sieve, 
which must be cleaned from 
time to time. 

All practical systems of 
purification depend on the 
use of lime, which has been 

practised for many years. 
In simple “defecation/ * * * * 5 
after admixture with milk 
of lime and heating, the 
.§ scum is removed. The 

G great difficulty is in mixing 

.§ the correct quantities. An 

53 excess of lime is prejudicial, 

*£ since it acts on the reduc- 

jy mg sugars ; moreover, loss 

^ may occur through forma- 

tlon of the insoluble tribasic 

S calcium sucrate. These 

§ irregularities are entirely 

| overcome by “ carbona- 

*0 tion, 55 which is universally 

£ employed in the beet 

£ industry. The general 

principle of carbonation is 
the treatment of the warm 
juice with milk of lime and 
precipitation of (arbonate 
therefrom with carbon 
dioxide. Any insoluble 
sucrate is thus decomposed, 
and the voluminous pre¬ 
cipitated chalk carries down 
with it proteins and pec¬ 
tins, probably by absorp¬ 
tion. This effect is similar 
to that of lime in the 
clarification of sewages, and 
the removal of colloid 
impurities is possibly a 
physical and not a chemical 
v l/ reaction. Most of the 

organic acids, notably oxalic, are also precipitated as lime salts. 

Carbonation brings about a remarkable improvement in the mobility and colour of the juice 
which becomes quite clear and limpid. J 9 

Before treatment with lime the juice is warmed. On leaving the diffusers it has a temperature of 
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20**35® C., and before liming it is raised to about 8o°-85® C. with the object of coagulating some 
of the protein, which is thus rendered less liable to decomposition by the alkali. Sometimes the 
albumen is filtered through cloth, but this does*not seem to be of special advantage. 

Liming is performed either by means of milk of lime or by the immersion 
of lumps of quicklime. 

In the “wet process” by milk of lime the warm juice is run into cylinders or 
“ malaxeurs,” holding from two to three times the volume of juice from one diffuser, 
having an iron stirrer making ten to fifteen revolutions a minute. From above the 
calculated quantity, either measured or weighed, of cream of lime is added. 

Special measuring vessels are used in which the weight of CaO delivered is shown on a 
graduated scale by pointers worked by floats in the cream of lime. On the average the addition of 
lime is in the proportion for ioo of roots for the first saturation of 2.5-3 P er cent. CaO, and for 
the second saturation 0.25-0.5 per cent. CaO. 

The quantity of milk of lime to be added and the volume change of juice resulting are to be 
exactly calculated. For instance, supposing it is desired to add 3 per cent, of lime to a juice of 
115 percent., and that the milk of lime has 20° Beaum£, a gravity corresponding to 206 g. CaO 
per litre; we have 3 kilos lime (to the 100 kilos roots) in 3,000: 206= 14.56 litres milk oflime, 
weighing 14.56 x 1.162=16.92 kilos. Or about 17 per cent, calculated on roots, or 12.66 per cent, 
by volume, calculated on dilution 115 per cent. Further, the dilution is 16.92 - 3 = 13.92 per cent, of 
water on roots or 12.1 per cent, on diffusion juice. 

“ Dry liming ” must be effected by immersing the quicklime in a flat sieve in 
the juice which is kept actively circulating by stirrers. Otherwise considerable local 
superheating due to slaking will occur, with corresponding decomposition of the 
sugar solution. 

Opinion varies as to the relative advantages of wet and dry liming. The solubility of quicklime 
in sugar is greater than that of slaked lime on account of the readier formation of sucrates by the 
former agent, and it is claimed that clearer syrups are got therefrom. In dry liming dilution is 
avoided, but on the other hand in wet liming the liquor from the lime filter presses can be used for 
slaking, whereas in dry liming it has to be evaporated, so that this advantage is cancelled. For dry 
liming 85° of heating is desirable else the decomposition of amides is incomplete. In the event of 
invert sugar being present dry liming tends to its decomposition, the products forming coloured iron 
salts. In neither process does the lime sludge from the filter presses contain notable quantities of 
sugar. 

The juice having been limed passes to the “saturators,” tall four-sided or 
cylindrical iron vessels, into which the carbon dioxide is pumped and injected into 
the liquid under pressure through various types of gas dividers (Fig. 56). 

Only about one-third to one-half of the gas is absorbed, the remainder passing out of the saturator. 
Temperature is maintained by a copper steam coil. At first the juice foams greatly, and has a some¬ 
what gelatinous consistency, being unfilterable. Foam is destroyed by the sparing introduction of 
oil (tallow or castor oil) or by blowing steam direct on to the surface. As saturation proceeds the 
current of gas is increased, and the precipitate shows greater tendency to settle. 

When an alkalinity of 0.05-0.06 per cent, by phenolphthalein titration, and 
reckoned as CaO, is attained the first saturation is finished in from twelve to fifteen 
minutes. 

Continuous carbonation is designed to secure more complete absorption of the gas. The current 
of gas is divided by means of a turbine, and distributed through the mass of juice in a saturator of the 
ordinary type, having at a height of about 2 metres an outlet conducting the liquid to a second 
siiqjlar tank. The gas and juice outlet valves being opened, the admission of juice is so regulated 
that it passes over into the second saturator with an alkalinity of about 0.14 per cent., and is then 
saturated further, so that a continuous stream of 0.05-0.06 per cent. CaO may leave the installation. 

After passing through a sand and stone trap the turbid fluid is pumped to the 
filter presses. These are all based on the well-known Dehne frame-press system, 
P> 34 . 

Washing of the sludge cakes is necessary, the degree of washing being determined by considera¬ 
tions of fuel consumption involved in extra evaporation, and is seldom pushed to the limit. 
Unwashed sludge cake forms about 12 per cent, reckoned on the weight of roots, and contains 
about 60 per cent, of syrup, equivalent to 7-8 per cent, of sugar, thus meaning a loss if unwashed 
of about 1 per cent of sugar reckoned on the roots. 
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with Turbine Scale =130 w /tfj Stirrers 



Fig. 56.—Saturators. t (Brand & Lhuillicr, Briinn.) 


The sludge cakes, m hich have manurial value, vary in composition according to figures quoted by 
Stift-Gredinger as shown:— 

Water - - - 30.08 to 59.31 Nitrogen - - - 0.12 to 0.41 

Chalk - - - 28.6 „ 50.00 Phosphoric acid - 0.50 ,, 2.22 

Lime- - - - 0.10 „ 1.51 Organic matter - - 7.11 „ 12.1 

Potash - - - 0.04 ,, 0.40 

Second saturation follows the same course as the first, the preliminary heating 
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being to about 90° C, and the liming being to the extent of 0.1-0.5 per cent. 

A third saturation is sometimes adopted, which may be done by carbon dioxide, 
or by sulphur dioxide, or a mixture of both. Sulphitation of the thin syrup effects 
decolourisation, and the traces of sulphite remaining in the juice act as a pre¬ 
servative, but are liable 
to form incrustations in 
the subsequent evapora¬ 
tion, so that generally 
sulphitation is applied 
to the thick syrup. 

Lime burning is mani¬ 
festly an integral part of 
sugar factory routine, yielding 
both the lime and carbon 
dioxide required. Details of 
this process are in this con¬ 
nection superfluous. 

„„ . Section of cane sugar crushing rolls 

I he preliminary —- 

treatment of cane Viu. 57. 

for the extraction of 

juice and its clarification necessarily differs from that followed with beet partly 
on account of the different form and texture of the plant, and also from the fact 
that in most cane districts fuel is scarce, and the residual fibre, or " bagasse/’ forms 
the needful combustible. 

The canes are fed as regularly as possible into crushing mills. 




Fig. 58.—Double Crushing Plant with Krajewski Crusher in Front. 
(Harvey Engineering Co., Glasgow.) 


These usually consist of three smooth rollers, two on one level and the third above, rotating as 
shown by the arrows (Fig. 57). 

The canes are fed along p to the combination AB, or the feed loller, where they are crushed, 
and directed by the adjustable curved plate or “ trash ” T to the bagasse jollei AC, wheie expression 
of juice chiefly takes place. The bagasse passes along ]>. Combinations of thee-system rollers are 
in general tise, often combined with a preliminary crusher of the Krajewski type, consisting of two 
rollers having V-shaped teeth whereby the w*ork of the fiist mill is lelieved. 
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It is obvious that no crushing can effect a complete expression of juice, and 
maceration of the crushed bagasse is resorted to. Upon leaving the rollers the 
compressed fibrous mass on expanding is able to take up water fairly thoroughly, 
although not so completely as to fill up all the cells. Maceration with the last 
mill juice of the bagasse leaving the first mill may be performed if the crushing is 
sufficiently powerful to disintegrate the cane, and this may be secured by means of 
cutters or shedders, which have the further advantage of securing more regular 
mill feeding. According to this method of working, the juice (in a three-mill 
system) from mills i and 2 passes to the clarifiers, that from 3 being returned 
to the bagasse leaving 1. 

Maceration must not be carried too far, else the extra cost of evaporation will not be covered 
by the increase of sugar extracted. According to Prinsen Geerligs 12-16 per cent, maceration 
gives good results in Java, the sucrose content of bagasse being 4.5 per cent. Figures quoted by 
the same author of the results of a twelve-roller mill afford a good idea of the kind of results 
obtainable. 

Sucrose in cane - • - 15.37 Sucrose lost in bagasse on 100 

Fibre in cane - - - • 10.9S cane.0.76 

Sucrose in bagasse • • 3.2S Extraction on 100 sucrose in cane 95.40 

Moisture in bagasse - - 45.66 Dilution by maceration on 100 

Fibre in bagasse * - - 49.92 normal juice ... 26.12 

In consideration of the loss of sucrose, and further of the expression of 
objectionable colloidal impurities, very naturally much attention has been directed 
to the practicability of diffusion for cane extraction, but diffusion is not applicable 
in practice for several reasons. Although the juice contains less impurity, diffusion 
in test experiments quoted by Geerligs gave a 95 per cent, extraction, with a 25 per 
cent, dilution, or only 2 per cent, more than crushing with a 14 per cent, dilution. 
But the chief difficulty seems to be in respect to the bagasse, which from diffusion 
is saturated and must therefore be either sun dried or rolled before use as fuel, 
whilst, having a finer texture, its value as fuel is impaired. Greater work is 
thrown on the boilers for the extra evaporation and driving of the very powerful 
slicers needed to prepare the cane for diffusion. 

Crushing with subsequent systematic lixiviation of the bagasse, according to Perrichon, has 
been successfully practised in Egypt. The bagasse is fed into waggons having sieve false bottoms 
and discharge valves, and holding about 1} tons of bagasse. Hot water is run on to the contents 
of the waggon, and after about seven minutes drawn off, and pumped up to a tank above the 
waggon levels, whence after reheating it passes to a second waggon, and so on over nine waggons. 
This system gives probably about 15 per cent, dilution, and accomplishes an extraction equivalent 
to 96.7 per cent, on juice. 

In the Naudet process the bagasse from a double mill is charged into a diffuser in which it is 
mixed with cold mill juice. The juice is drawn off by a centrifugal pump, passed through a heater 
and liming trough, returned to the top of the diffuser, and then percolates the bagasse. In this 
way defecation is effected. The bagasse is afterwards exhausted systematically as in ordinary 
diffusion. The juice having parted with its impurities to the bagasse is ready for evaporation. 

The Harvey firm have installed Naudet plants, and Mr Harvey * reports that an extraction of 
95 per cent, has been obtained in Madeira, whilst in Porto Rico 96 per cent, sucrose was recovered 
with a 9 per cent, dilution in too of cane (equal to about 10 per cent, in 100 of juice), the syrup 
having 1.3* Brix [total solid] less than dry milled juice, and the same quotient of purity. 

The composition of cane juice varies. The following figures extracted from 
Prinsen Geerligs’ “ Cane Sugar ” will serve to give an idea as to its components. 
It will be observed that reducing or invert sugar is the constituent which mainly 
distinguishes cane from beet juice. 

The figures display in a clear fashion how glucose, being more diffusible, is expressed more in 
the first mill, whereas the colloidal pectins and albumens are expressed more completely in the 
second and third. As regards the maceration juices, these, if reduced by calculation to original 
gravity, show similar compositions to those got by expression without maceration. 


International Sugar Journal\ 1905, 326. 
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Black Java Cane without Maceration. 

Borneo Cane with Maceration. 


First Mill. 

Second Mill. 

Third Mill. 

First Mill. 

Second Mill. 
Diluted Juice. 

Third Mill. 
Diluted Juice. 

* Brix - 

19.2 

*9-3 

19.0 

i8. s 

14*8 

6.7 

Sucrose 

16.49 

>6-33 

15-95 

16.76 

12.65 

5-50 

Reducing sugar - 

1.98 

i*57 

1-52 

0.89 

0.59 

0.33 

Ash - 

0.28 

0.41 

0.42 

O.244 

O.425 

O.I99 

Gum and pectin - 

O.125 

0.376 

1.250 

0.063 

O.150 

O.099 

Albumen 

O.025 

0.092 

0.054 

O.024 

0.068 

O.047 

Free acid - 

O.O48 

0.072 

0.096 

O.042 

O.039 

O.Ol6 

Quotient of purity* 

85-9 

84.4 

84.0 

90.59 

85.47 

82.IO 

Glucose ratiof 

12.0 

9.6 

9-5 

5-3 

4-7 

6.0 


The clarification of cane juice is still largely performed by the old style 
process of defecation with lime, although carbonation and sulphitation are exten¬ 
sively employed, on the same general principles as with beet. But by reason of 
the relatively large amount of C 6 sugar great care has to be exercised on account 
of the decomposition of these by lime into organic acids, which may cause injury. 
•Thus in carbonation a temperature greatly exceeding 50° is not advisable. 

In event of the juice being infected with organisms it may be heated to sterility 
before liming. 

In the practice of defecation everything depends on the use of the correct 
proportion of lime, and the “tempering” ought to aim at neutralising the free 
acids. The lime salts precipitated on heating absorb or mechanically withdraw 
most of the albumen and pectin and remove fibrous particles, the whole rising to a 
scum on the top of the pans. 

Defecators consist of hemispherical steam-jacketed copner pans. After heating nearly to boiling 
the mass is allowei to subside, and there is tapped off from below first the heavier sediin-nt, 
sand, etc., then the clear juice, and finally the scum. 

As variations of this procedure the juice may be boiled in iron pans and drawn off, when, 
as air has been expelled, the scum sinks in the settling tanks ; or the scum is removed by skimmers 
into a gutter at the top of the tank ; or in continuous defecation the juice at about 90° passes through 
one or more pans, in which it is rapidly boiled, continuously to the settling tanks. 

In Denning's system the limed juice is pumped through three horizontal vessels having pipes 
connected with chambers at each end, so that the juice rapidly traverses them backwards and 
forwards. In the first vessel, or “absorber,” cold juice circulates outside the pipes, and passes 
on to the second absorber, where it circulates inside the pipes, which are heated by exhaust steam. 
In the third, or “ digester," the juice is rapidly brought to about 1 io° C. by circulation in the pipes 
surrounded by live steam. The hot liquor then passes through the pipes of the first absorber, thus 
saving heat by a preliminary warming of the contents of that vessel. 

Concentration to Thick Syrup. —This used to be done in open pans over 
free fires, a process which tends to the formation of caramel and invert sugar, and 
which was most wasteful of fuel. Heating by means of steam coils was next 
adopted, a process ultimately supplanted by “ multiple-effect ” evaporation introduced 
by Rillieux and modified by Jelinek. In principle the process is simple. Steam 
from a closed juice evaporator is caused to heat a second at lower temperature, 
which in its turn heats a third in triple-effect working ; or a fourth and sometimes a 
fifth vessel may be added in quadruple and quintuple effect (Fig. 59). The last vessel 
is in connection with an exhaust pump, whereby steam is removed and pressure 
reduced, so that boiling takes place at a lower temperature, with the result that very 
little heat is lost. The syrup passes from the first vessel onward with increasing 
concentration, and under diminishing pressure. 

Two main types of evaporators are in u*e having vertical and horizontal heating respectively. 
In the vertical type the apparatus (see Fig. 63) consists of a tall cylinder having at the bottom the 
heating space, which is made up of two horizontal iron plates perforated and fitted with two hundred 


* Percentage sugar in total solids. 


t Glucose per 100 parts sucrose. 
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to three hundred brass or copper pipes of about 30-55 mm. diameter and several wider circulation 
tubes. The whole forms a steam chest in which the outsides of the tubes are heated either by direct 
steam at atmospheres (112 0 C.) in the fust unit, or in subsequent units by vapour from the 
preceding units. The juice admitted below at about 75 0 C. is raised to boiling on entering the 
tubes, is forced up the narrow tubes and down by the wider “ circulators.The juice level ought 
to be such that on ebullition the froth overflows the top of the heating chamber. Concentrated 
juice passes from a salve in the bottom to the next unit. Disengaged air and ammonia pass off 
through a special tube. The steam from the boiling juice is deprived of sugar conveyed over by 
spirting by a dephlegmator in the upper dome and by inclined baffle plates in the horizontal drum 
connected therewith, whence the syrup returns to the evaporating space. The vessel is further 
fitted with observation w indows, syrup level, and hydrometer test glass, manometer and thermometer. 

In the horizontal or Wellner-Jelinek plant the steam traverses layers of horizontal tubes 
surrounded by the juice and passes backwards and forwaids through the layers of tubes. 

The vapours from the last unit are removed by barometric water pumps, where the steam is 
condensed by a spray of injected cold water, and the condensed water falls through a height of more 
than 30 It., air being withdrawn by air pumps (Fig. Co). 



Fig. 59.—Quadruple-Effect Evaporators. (Brand & Lhuillier, Briinn.) 


Concentration is carried on to about 6o° Balling for beet juice or 60 per cent. 
Brix for cane, and the quantity of water to be evaporated (W) may be calculated 
from the formula— 

w - k (-i> 

where K = weight of juice and Sj and S 2 initial and final gravities respectively. 

Using steam at 1.5 atmospheres in the first unit, we have a temperature of 112 0 C., and if we have 
6o° as the boiling point in the last unit, the total fall is 52", which is divided in multiple effect 
between the various units. Thus the temperature difference, the difference between heating 

and evaporated steam, in each unit will be 5 ?, where n is the number of units. This fall is, how- 

ft 

ever, not equal in practice, rising from the first to the last vessel. 
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Some data illustrating the process of multiple-effect evaporation, extracted from figures given by 
Telinek for the horizontal system, are here tabulated. . „ . . . 

It will be seen that the gain by adding units diminishes, and in practice generally triple and never 
higher than quintuple effect is used. The efficiency depends on the " coefficient of transmission, 
i.e.) the calories transmitted per minute per square metre of heating surface for i L. difference. 
For the horizontal system this has been ascertained at 22, for the upright at 15. 
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The Kestner climbing film evaporator is now used to an increasing extent in 
sugar manufacture. A unit (see Fig. 60a) consists of a “calandria” composed of a 
shell or casing containing the evaporating tubes, which are 23 ft. long. The sugar 


B 


A, I i\e steam inlet. 

B, Vapour outlet. 

D, Centrifugal baffle. 

K, Condensed water outlet. 

G, Air drain. 

L, Concentrated liquor outlet. 

M, Calandria. 

R, Evaporating tubes 

S, Separator. 

T, Weak liquor inlet. 

V, Save-all. 


Fig, 6 oa .—Kestner Climbing 
Film Evaporators. 





Fig. 6 ob . — Kestner Evaporators 
Used in Multiple Effect. 


solution is fed into the apparatus at the lower inlet t, and passes from the feed box 
into the tubes. The steam or exhaust vapour (whichever may be the medium 
employed to heat the liquor) enters the calandria of the evaporator at a. The 
liquor boils in the tubes, a column of vapour rises up the tubes with a high velocity, 
and at the same time draws up a film of liquor on the inner surface of the tube. 

Above the calandria is fitted the separator s, which consists of a cylindrical 
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vessel containing a centrifugal baffle placed immediately above the tubes, and so 
constructed that the liquor and vapour rising in the tubes up the calandria strike 
against the curved vanes of the baffle with a considerable velocity, thereby setting 
up a whirling motion which, by centrifugal force, effects a complete separation of 
the liquor from the vapour. The concentrated liquor passes down the outlet l, and 
the vapour, after first passing through the save-all, which is fitted in the upper part 
of the separator, leaves the separator at b. This vapour is usually used for passing 
into a second unit so as to obtain multiple effects in the usual way. 

The velocity of the liquor through the tubes is so great that it only remains in 
contact with the heating surface for some few seconds before arriving at the 


Mestner Double Effect 9 



Milt 350 lone per day 
Steam Pr&surc /OO/ds. 7 * 5 •t 7 ?C. 

I<ig. 6a.—Diagram of Evaporator for Working 350 tons of Cane per twenty-four hours. 


separator. There is, therefore, no burning or coloration of the liquor. Also there 
is no “entrainment” (*>., escape or frothing over) of the liquor with the vapour. 

Fig. 60b shows the method of connecting up Kestners for multiple effect. 

Fig. 60 c shows an illustration of two Kestners, cne of which is used at the 
head of an existing ordinary triple vacuum pan so as to convert it into quadruple 
effect, while the other Kestner is used as a " pre-evaporator ”—an application of the 
Kestner which is increasing. 

The thin juice enters the heater 1, and is heated by steam coming from the 
Kestner 3. The thin juice then passes into the second heater 2, and is heated still 
more by the steam coming from the Kestner 4. Finally, the juice enters the 
Kestner 4, and is heated by exhaust steam at 30 lbs. coming from the mill engine 5. 
The juice passes from the Kestner 4 into the Kestner 3, and thence is either run 
off, or if necessary, passes into the triple evaporators 6, 7, and 8, where the final 
evaporation takes place. 9 represents the barometric condensation plant attached 
to the triple expansion pan, while 10 is another vacuum pan worked by exhaust 
steam coming from the air pump n and the'turbine engine 12. 
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The saving in fuel achieved by multiple-effect evaporation is very great, about 
80 kilos coal being required per ton of roots as against about 400 m the days of 
direct fire heating. It is a point, moreover, of special significance to the cane 
industry, which depends on exhausted cane or “ megass ” for its fuel. 



Fio. 62.—Open Type Massecuite Receivers for Crystallisation in Motion. 

(A. & P. W. M'Onie, Glasgow.) 

gives only about three times this value. Occasionally the decrease causes very bad 
boiling and discoloration, and may be corrected by addition of soda. Further, 
lime salts tend to separate on concentration, and form incrustations which seriously 
impair the efficiency of the plant. This may be overcome by promoting rapid 
circulation of the juice as in the special arrangement of the heating chest or 
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calandria in the evaporators made by the Ilarvey Engineering Company of 
Glasgow (Fig. 63). 


In many cases in the beet works the so-called middle juice, i.e., juice from the last evaporator 
hut one, of sp. gr. 30°-35° Eg., is saturated before further evaporation. This is done by joint car- 
bonation and sulphitation to an alkalinity of 0.02-0.04 per cent. CaO, or by sulphitation to an 
equivalent degree. In any case such sulphitation is effected on the thick juice. In order to render 
the liquid more mobile for filtration it is raised to 95° C. before that operation. 

Juice from cane which has been purified by defecation will not filter, and is generally allowed to 
subside in eliminators at below 70°. These are rectangular or circular pans, having steam coils for 
the warming of the fluid. Sulphitation is often combined with elimination. Sand filters have been 
tried and are efficient, but have the defect of tequiring much wash water. When, however, the 

cane juice has been carbonated it filters 
easily through ordinary filters. 

Boiling to Crystallisation, or 
Strike Point —Beet syrup of 6o° 
13g. is in this stage boiled to from 
3.5-7 per cent, water content, these 
values showing the water content of 
the boiled mass, or “ massecuite ” 
(German, Fill/masse). The concen¬ 
tration of cane syrup is carried on the 
average to the degree shown by the 
composition :— 



Sucrose 

- 

81.10 

Glucose 

- 

6.93 

Ash 

- 

1.12 

Water - 

- 

8.66 


Boiling is effected in vacuum pans 
which in Austria are generally of the 
horizontal Lexa-Herold type, heated 
by brass steam tubes arranged in 
sections, which can be separately 
heated. Upright strike pans are also 
in use, and are general in cane boiling. 

The piincipies governing the working of 
u vacuum strike pan arc similar to those 
pertaining to the multiple-effect boilers. 
Steps must, how r evcr, be taken to secure 
effective circulation, which is more difficult 
with the thick mass of syrup and crystals 
than with the concentrated juice. This may 
be done by injection at the bottom of the 
boiling mass of dry steam. This does not 
impair the vacuum and secures mixture and 
steady boiling. 

In the Ilarvey patent express pan (Fig. 63) 
the calandrias or heating tubes have an inclina¬ 
tion which helps circulation, and this model 
further has a false lining which prevents return of condensed water. The addition of syrups or 
molasses should also be from below', which again helps eflective circulation. 


The process of boiling falls into well-defined stages. At first we have con¬ 
centration to thick syrup of about 8o°. Then follows boiling to “grain,” a most 
important stage, having for its object the formation of uniform crystals of such size 
as not to pass through or clog the meshes of the centrifugals. The supersaturated 
syrup is generally caused to grain or crystallise spontaneously, or by admission of fresh 
juice, which by promoting circulation, and still more by depressing the boiling 
temperature, induces rapid crystallisation in fine grains. The subsequent* boiling 
has in view the growth of the already formed crystals and solution of the very fine 
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ones, and care is exercised to secure that a fresh small crystal formation or “ false 
grain ” shall not occur. Boiling is continued to a water content of 3.5-4 per cent, 
or 6-7 per cent., according as it is intended to cool at rest or in motion. The 
massecuite is discharged either into ordinary coolers or into special vessels 
designed for the very generally practised “ crystallisation in motion.” 

The crystallisers may be open or closed cylindrical vessels, and may or may not be jacketed 
for warm or cold water. They have shafts with blades, whose rotation keeps the mass in constant 
gentle motion. This has the effect of causing the sugar separated on further cooling from the 
warm saturated solution to be deposited on the existing crystals, and not in the form of false grain 
throughout the mother liquor. 

The very great solubility of sucrose will make it clear that the problem of a 
maximum crystallisation is one of great practical difficulty, having in mind the 
necessity of removing the molasses mother liquors which entangle the grain. 
Moreover the molasses contain uncrystallisable sugar held in solution by the 
salts on account of their so-called “ melassigenic power.” (See pp. 142, 143.) 

Geerligs defines molasses as : “A hydrated combination between sugar and salts, which cannot 
be broken up by dissociation in a concentrated state, and therefore cannot yield sucrose in a 
crystallised form.” Cane molasses contains about 55 percent, sugars (sucrose + invert), 20 per 
cent, water, and 9 per cent. ash. 

Beet molasses contains about 50 of sugar, 10 of salts, 20 of water, 10 of nitrogenous and 10 of 
non-nitrogenous substances. 

To facilitate curing or centrifuging, green molasses may be added to the 
massecuite, which will give sufficient mother liquor to secure the necessary mobility. 
Such added syrup will be recovered plus that due to the fresh massecuite, and is 
boiled down from time to time to sugar and exhausted molasses. 

The “ absolute recovery” method is of great value and interest, and an account condensed from 
Prinsen Geerligs is here given. The relation between the purity of the massecuite and the corre¬ 
sponding molasses cured hot is given by Pasma as :— 

Massecuite of 90 purity yields molasses of 75 quotient. 
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If the syrup is over 80 purity it is reduced thereto by addition of green molasses of 60 purity, 
which will, as seen, again yield 60 molasses. On curing hot, first sugar and 58-60 molasses result. 
Sufficient of this molasses is then drawn into a second massecuite as to give a purity of 70, and this 
on boiling and hot curing yields first sugar and 48-50 molasses, which finally is used to reduce an 
80 massecuite to 60, when, on high concentration and cooling, sugar and exhausted molasses result. 


Curing or separation of crystals from the magma of crystals and molasses is 
effected in turbines. 

Those of the Weston type are most usual. The spindle is suspended and driven from above by 
water turbine, or belt, or electrically, the power being applied accurately at the point of suspension. 
Vibration is reduced to a minimum by the conoidal rubber buffer, and discharge is effected below— 
a great saving in time and cleanliness. (Figs. 64, 65.) The turbines can make about 1,500 revolu¬ 
tions per minute, and may be arranged for continuous work. , 

From crystallisation in motion the viscid massecuite is turbined direct. If 
cooling has been done in tanks the hard massecuite is broken up in pug mills, and 
incorporated with the requisite molasses. 

Turbining fails to absolutely separate the adherent molasses from the crystals, and these, therefore, 
are washed or “purged.” This may be done by injecting a fine spray of water into the revolving 
machine, after the molasses has passed off, or by means of a jet of steam and air. The cleansing 
syrups inevitably dissolve some sugar, and are therefore collected apart from the molasses. Obviously, 
a pure concentrated sugar solution will be as effective to remove salts and non-sugars as water. 
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The product is usually machine dried in long inclined cylinders having scoops 
whereby the moist mass is turned over by the revolutions and meets a current of 
warm air, entering at about 120° and leaving at about 50°. Sometimes the sugar 
is dried by means of dry steam in the turbines. 

Although pure sugar is not hygroscopic, there is often a coating of molasses 
which absorbs water, and under favourable temperature conditions affords a good 
medium for the growth of moulds and yeasts, whereby inversion and deterioration 



Fig. 64.— Patent Water-driven “Weston ” Centrifugal Machine, showing Patent Steel Frame. 
(Messrs Watson & Laidlaw, Glasgow.) 

is caused. In the case of cane sugar the presence of invert in the product and the 
warm moist climate render the material very prone to these changes. Close packing 
in bags of the dry cool product in stores capable of regulated ventilation or closing 
according to the hygrometric state of the atmosphere is recommended. Beet sugar 
is less liable to alteration, and is advantageously stored after artificial cooling. 
Alkalinity does not appear to be a certain safeguard, which is to be expected, from/ 
the circumstance that alkaline media are most favourable to bacterial growth. 
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As regards the composition of raw sugar this naturally varies, beet being dis¬ 
tinguished from cane by freedom from invert sugar. In the commercial valuation 
the polarisation minus ash x 5 minus invert is the basis for cane. For example, a 
sugar having 97.o° polarisation, 0.85 reducing sugar, and 1.10 ash, has the value 
97*0-0.85 - 1.10 x 5 -90.65. A beet sugar having 94.95° polarisation, 1.04 per 
cent, ash, and 1.89 per cent, organic non-sugar, would have the value 94.95 - 1.04 x 
5 = 89.75, on the generally 


accepted standard that 1 part 
of mineral matter prevents the 
crystallisation of 5 parts of 
sucrose. Alternatively, beet is 
sometime's valued by deduct¬ 
ing 2.25 times the joint ash 
and organic non-sugar; thus 
in the above case 94.95 — 
(j.04 + 1.89) x 2.25 =- 88.36. 

The final exhausted syrups or 
mother liquors form the molasses, 
the composition of which has been 
previously indicated. This was once 
an irksome bye-product, but to-day 
is used for various purposes, e.g ., in 
spirit manufacture, for instance West 
Indianrum ; for making alcohol from 
beet molasses, (p.293); for makingtri- 
melhylamine (p. 376); for extraction 
of a further >ield of sugar; for making 
cattle food preparations; or for direct 
feeding to the animals. Refined 
syrups, after inversion and clarifica¬ 
tion, form the treacles or golden 
syrups of consumption. Beet 
molasses is less pleasantly flavoured 
and more highly charged with salts. 
It is fed to the extent of about 30 per 
cent, to cattle in Germany and Aus¬ 
tria, in rations of from 2 to 6 kilos 
per 1,000 of body weight per day, 
generally and advisedly in admixture 
with other foods or neutral bases 
such as peat. In England a mixture 
of molasses and peat moss is some¬ 
what widely used under the name of 
“molassine meal.” Owing to the 
high salt content irrational feeding 
with molasses is dangerous, causing 
digestive and urinary trouble, and 
animals need to be habituated to it 
by graded feeds. A similar prepara¬ 
tion of cane molasses absorbed in 
the residual internal and finer fibre 
of the cane or bagasse is “molascuit.” 
Both these are convenient and port¬ 
able forms of food stuff. 
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Fig. 65.—Section of a Water-driven “ Weston ” 
Separation of Crystal- Centrifugal Machine, 

line Sugar from Molasses. (Messrs Watson & Laidlaw, Glasgow.) 

—Two main processes are 

available, viz., osmosis, and precipitation either of strontium, or calcium 
SUCrates. The osmotic process depends on the circumstance (hat the salts 
diffuse more rapidly through parchment paper into water than does the sucrose. 
In this way a partial separation is possible, incomplete, since obviously sucrose 
also will diffuse, though less rapidly. 

The general arrangement of an osmosis plant is that of parallel flat chambers separated by 
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parchment paper, in which flow molasses and water in alternate chambers and opposite directions. 
The osmosed molasses is boiled to grain, and the resultant syrup re-osmosed until a final residual 
molasses which would not repay further osmosis is obtained. The osmosis water may be used as a 
fertiliser, or worked for spirit or potash. On 100 of molasses of 78° Balling about 15 per cent, of 
sugar may be recovered, having a quotient of about 95. 

The separation by means of strontia depends on the formation of the sparingly 
soluble basic sucrate C 12 H 22 O n ,2SrO. In this process molasses and strontium 
hydroxide solution— eventually solid strontia—are boiled to an alkalinity of about 
15-20 per cent. Sr(OIi) 2 , reckoned on the basis of 1 part sucrose to 2.5 parts 
crystallised Sr(OH) 2 . The precipitate is rapidly filtered and washed with hot 
12-14 per cent, strontia solution. On leaving at a low temperature ( - io° C.) with 
a 2 per cent. Sr(OH) 2 solution, the basic saccharate separates into crystalline 
hydroxide, and the sugar with half the strontia passes into solution. After separa¬ 
tion the solution is saturated, and the sugar evaporated to massecuite. Strontium 
carbonate, and that recovered from the mother liquors, is reburnt, and the clarified 
mother liquors, after separation of strontia by carbon dioxide, are evaporated and 
burnt for potash. 

In Steffen’s lime process the sugar is precipitated by means of thorough agitation at not above 
20 ° C. with finely powdered well-burned quicklime, as trilusic sucrate, which is used as a lime 
substitute in the treatment of diffusion juice. 

Refining. —The technique of sugar refining varies according to the quality 
of the raw sugar, and the nature of the trade article which it is desired to turn out. 

Raw cane or beet, or blends of both, may be operated upon, it having been 
claimed that the alkalinity of beet may correct the occasional acidity of cane. 

On entering the refinery the raw sugar is sampled and stored, t.g., in large bins, 
until required. 

A preliminary curing in the turbine is sometimes resorted to, in the so-called 
affination process, and affination sugar is often used as an article of consumption, 
but naturally not of the first class. This treatment has the object of removing 
adherent impure syrup, which envelops the grain, and may be very dark coloured. 
In this syrup, obviously, the greater part of the non-crystallisable sugar and 
mineral matter is concentrated. The consistency of some raw cane, or muscovado, 
sugars does not permit of affination. When affination is feasible, the raw material 
is thinned by incorporation with a syrup of such strength as not to dissolve the 
crystals, but to merely act as a diluent of the adherent syrup. The mass is then 
turbined, either in ordinary turbines or in open bottomed machines, in which 
an inverted cone on the spindle directs the magma, by centrifugal force, on to the 
basket of the turbine, where the same force holds it during spinning and purging, 
and on stopping the machine the sugar falls out by gravity, without handling. 

It is dissolved, in blow-up pans, in such fashion as to give a solution of 
approximately 2 parts sucrose to 1 part water, and at this stage separated from 
coarser adventitious impurities. 

The further purification consists in a preliminary treatment and a bone-charcoal 
filtration. Formerly bullock’s blood was added, and occasionally lime is used. 
Apart from mere neutralisation this stage of the work, whatever may be the special 
treatment selected, has in view the formation of a voluminous precipitate, which 
will carry down by absorption gummy and protein impurities, on the principles 
observed in the carbonation process. 

As substitutes for the old-fashioned blood or albumen treatment, a mixture of aluminium 
sulphate and superphosphate has been tried, but not with advantage, owing to the solubility of 
the gypsum and the occurrence of free sulphuric acid in the superphosphate; or, again, baryta 
may be used, but this is not considered advisable, since the soluble barium salts are poisonous. 

After either filter-pressing, or filtration through bag filters, the clear juice is 
passed through the bone char filters. 

No substitute for bone charcoal is so far available. In spite of the small percentage of carbon 
in bone char and the well-known gas absorptive power of vegetable charcoal, the latter does 
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not possess in any degree the powerful decolourising effect of bone char, nor does it lend itself 
satisfactorily to revivification. 

New animal charcoal contains from about S-13 per cent, of carbon, 78.5-84 per cent, of 
calcium phosphate, 7.5-9 per cent, of calcium carbonate, and small quantities of alkalis, iron, 
and silica. The carl>on of fresh char always contains fixed nitrogen and a little hydrogen, the 
former amounting to about one-twentieth of the total carl»onaceous matter, and diminishing on 
repeated reburning. It is possible that the nitrogenous matter plays an important part in the 
special decolourising action, which is not understood. It is, however, known that pure vegetable 
charcoal does not possess this property in the same degree, though lx>ne char freed by means of 
acid from calcium salts is very efficient. Traces of ammonia and of calcium sulphide may be present, 
which are obnoxious, and arc to be got rid off by washing and reburning. 

The char filters have commonly the form of iron cylinders of varying dimen¬ 
sions, which may hold upwards of 20 tons of char, the grain of which is also 




very variable, a 20/30 sieve size being not uncommon The char is uniformly packed 
on the filter cloth (see Fig. 66), and the solution passes evenly through the mass, 
at a temperature of 68°-7o° C, is drawn off, as shown, and the filtrate collected, 
according to colour, in channels or gutters. At first water white, the filtering syrup 
eventually becomes yellow, at which point the char is thoroughly washed till free 
of sugar, and then copiously with water to remove soluble impurities absorbed from 
the sugar solution, dried, and reburnt. 

The charcoal kilns usually consist of oval pipes arranged vertically in a furnace in three rows 
on each side. The char, entering from al>ove, is thus submitted to strong hjat or dry distillation, 
whereby the organic impurities are expelled without loss of carbon. It passes downwards at a speed, 
capable of regulation by the discharge valves, depending on the temperature of the furnace and the 
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order of proximity of the row of pipes to the fire. The pipes are continued downwards through the 
kiln floor, and thus serve as air coolers, whereby loss of carbon by ignition on emerging from 
the pipes is prevented. .The effective life of the char is long, and may extend over several years. 

The art of sugar boiling in refinery work reaches a very high level, demanding 
a long apprenticeship. The object is to obtain a uniform grain of a size governed 
by the nature of the desired finished article, and the boiling is done in vacuum pans 
(vide supra). Having obtained a crystallisation, or grain, great care is required in 
the introduction of fresh syrup, to ensure that the number of crystals shall not 
increase, but that those first formed shall grow in size, and that fresh crystal 
formation or “ false grain ” shall not occur. False grain formation is especially 
objectionable in boiling lower massecuites, for its appearance very much interferes 
with the turbining of the crystals from the surrounding molasses. 

When boiling has reached the required point the product may be directly 
turbined, or further crystallised in motion, in which the existing crystals grow at 
the expense of the sugar of the cooling saturated mother liquor. 

Granulated Sugar is prepared by passing the turbined and washed wet product through 
granulators, long revolving cylinders, inclined at about 20°, in which the mass is propelled and 
disintegrated by revolving arms. In the reverse direction there passes a current of warm air to 
dry the crystals, which are then sieved on vibrating tables, or other types of mechanical sieve. 

For the manufacture of cube or ** loaf” sugar, so named from the now obsolete loaves or cones 
into which sugar was formerly moulded, is in many modern works prepared by special processes, of 
which the Adant may serve as an illustration. A series of detachable iron frames is built up so as 
to form rectangular moulds about I in. thick, arranged radially around the periphery of a hollow 
cylinder, which is then placed into a well-fitting containing ring. Massecuite, discharged into a heated 
reservoir vessel, is then run in until the moulds are full. After cooling, the moulds have the con¬ 
sistency of a dense mass of crystals in a thick syrup, and the inner ring is detached, by the aid of a 
compressed air blast, and transferred to a centrifugal of heavy type. Therein the sugar is freed, in 
sitUy from syrup, and washed. On taking the form to pieces, complete rectangular slightly wedge- 
shaped tablets result, which after drying are machine-cut to the form of cubes or otherwise as may 
be aesired. 

We are indebted for diagrams, and desire to express our thaoks therefor, to 
the following firms:— 

Actien Gesellschaft fur Maschinenbau, vormals Brand & Lhuillier, Briinn, 
Austria; Maschinenfabrik Biittner, Verdingen am Niederrhein, Germany; The 
Harvey Engineering Company, Glasgow; Messrs A. & P. W. M‘Onie, Glasgow; 
Messrs Watson & Laidlaw, Glasgow. 


Glucose, Dextrose, or Starch Sugar 

Glucose, C 9 H l 2 0 & forms the crystalline hydrate, C 6 H 12 0 6 H 2 0 , which melts at 
86* C. and of which 97.8 parts are dissolved by 100 of water at 15° C. It is very 
soluble in methyl alcohol. Glucose displays muitarotation, a freshly prepared cold 
solution having [a] D + 105, which decreases rapidly on heating to the final equilibrium 
value + 52.85. 

Alkalis isomerise glucose, yielding an equilibrium mixture of glucose, fructose, 
and a little mannose, also produced similarly from fructose, but alkalis at the same 
lime break down glucose, yielding complex organic acid salts. 

Glucose is oxidised by Fehling’s solution, as also are maltose and fructose; 
yields an osazone (M.P. 205°) also given by mannose and fructose; and with 
a-naphthol and sulphuric acid gives £ red colour, a reaction which is not characteristic, 
being given also by sucrose and other sugars. 

Manufacture. —Commercially glucose is manufactured from starch by heating 
with dilute mineral acids, when hydrolysis ensues :— 

(CflHioOgh + nHjjO *= n.C 6 H 12 O fl . 

Mixed with a large amount of dextrine it comes into commerce: (1) as solid glucose, 
(2) as the viscid syrup known as “ starch syrup. M 
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The industry is of Continental origin and dates from tne time when cane sugar was excessively 
dear, so that efforts to produce a substitute from starch had some possibility of success. At the 
present time, however, glucose is valued not as a substitute for sucrose but rather for the presence 
of certain dextrines in the commercial product, which are: (1) valuable food stuffs, (2) are soluble, 
(3) will not crystallise, (4) are non-fermentable. Such glucose is largely used: (1) as a malt substitute 
in brewing: the dextrose ferments to alcohol, ana the unfermentable dextrines increase the 
percentage of extract in the beer; (2) for the manufacture of glassy sweets, cane sugar being 
unsuitable for the purpose; (3) for adding to honey; (4) for use in confectionery, cakes, preserves, 
jams, jellies, syrups, etc. 

The great drawback to the use of glucose is its want of sweetness, being only 
two-thirds as sweet as sucrose. The addition of saccharin or other artificial 
sweetener is illegal in some countries. 

The hydrolysis of starch by dilute acids is a complex change (see Starch), the starch first breaking 
down into dextrines which then break down into maltose, and this finally into dextrose. The 
saccharification only proceeds easily in very dilute solutions, as shown in the following scheme:— 

(C 6 Hj 0 O 5 ) n —(C 8 H 10 O 5 ) n H a O —>• C12IT22O11 —^ 2 *^6^12^8 

Starch. Dextrines. Maltose. Dextrose. 

# In practice, the starch is intentionally left incompletely hydrolised, the presence of dextrines 
being essential. Moreover, in the concentrated solution some of the dextrose molecules condense 
together to produce gummy dextrine-like products called * glucosines.” Simultaneously a certain 
amount of “ isomaltose,” C^H^On, a sugar isomeric with maltose, but not fermentable by yeast or 
hydrolysable by enzymes, is also produced. The rate of hydrolysis of the different acids varies con¬ 
siderably, the stronger acids having a more rapid action than the weaker; thus, taking the hydrolysing 
power of an equivalent weight (36.5 g.) of HQ as 100, the following table expresses the hydrolysing 
power of the equivalent weights of some other common acids :— 


Acid. 

Equivalent 

Weight. 

Hydrolysing 

Power. 

Hydrochloric acid, HQ - 

36 -Sg- 

100 

Sulphuric acid, H 2 S 0 4 .... 

49 g- 

70 

Nitric acid, HNOj. 

63 g. 

100 

Tartarjc acid, C 4 H 6 O e . 

Formic acid, H. COO 11 .... 

* 5 °g- 

2-5 

46 g- 

1.6 


The starch is placed in a boiler, a small percentage (say | per cent, or even less) 
of HC 1 or H 2 S 0 4 or HF is added and the whole heated under 1-2 atmospheres 
pressure, cooled, and the acid neutralised. If HC 1 is employed it is neutralised with 
NajCOy the small percentage of NaCl produced being imperceptible to the taste; 
H5SO4 is neutralised with CaC 0 8 , the CaS 0 4 produced coming down as a 
precipitate. HF is completely precipitated as CaF 2 . 

Starch Syrups. —Moist potato-starch, carefully purified from nitrogenous 
matter (the presence of which yields a dark product), is used. 200 parts of water 
and as much H 2 S 0 4 as serves to make a 0.3 per cent, solution are placed in a 
boiler, and 100 parts of the starch (weighed dry) made into a milk with water are 
run into the boiling acid, so that the starch is almost immediately gelatinised. The 
mixture is then heated in a copper autoclave for one hour under 1 atmosphere 
pressure, so that about a half of the starch is hydrolysed to dextrine and the rest to 
dextrose (or maltose). The process is ended when a test portion gives no colora¬ 
tion with iodine—showing that all the starch has disappeared. The product is a 
non-crystallisable syrup having a density of 17* about 30 per cent, of carbo¬ 
hydrate. The sulphuric acid is neutralised with CaC 0 8 , the solution filtered from 
the CaS0 4 through a filter-press, evaporated to 32 0 B<S. in a vacuum pan, again 
filtered from precipitated CaS 0 4 through a filter press, and finally decolourised by 
filtering through animal charcoal, which simultaneously absorbs some of the finer 
particles of CaS0 4 . The syrup is now again concentrated in vacuum pans to 42 *- 
45* B& and should be clear and colourless. 
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A good concentrated syrup should be so viscid at ordinary temperatures that it scarcely flows ; it 
should not become cloudy on standing and should bear a temperature of 140® C. without darkening 
in colour. The product, after heating to 140° and cooling, should solidify to a glassy mass, which 
is used for making sweets. It has only a moderate degree of sweetness. 

Solid Glucose is manufactured in the same way as the syrup, but the hydro¬ 
lysis in the autoclave is carried on for a longer time so that the resulting mixture 
contains almost twice as much dextrose as dextrine. The product, when filtered, 
decolourised and evaporated, solidifies as a white mass of microscopic crystals, in 
which fine needles of dextrose hydrate, C 6 H 12 0 6 .H 2 0 , may be seen embedded in 
syrup. The crystalline dextrose hydrate, however, cannot be separated by ordinary 
means from the syrup. The following shows the composition of a starch syrup and 
of solid glucose thus manufactured :— ’ 



Syrup. 

Solid Glucose. 

Dextrose ..... 

Dextrine. 

Water ------ 

40- 43 per cent. 

41- 46 „ 

15-19 » 

55-61 per cent. 
24-30 M 

15-20 „ 


A certain amount of lt maltose ” is always present. The maltose and dextrose 
together constitute the fermentable portions of the mass, the dextrines (which include 
isomaltose and glucosines) the non-fermentable portions. 

It has not yet proved possible to manufacture pure dextrose on the industrial scale, since neither 
the crystals of the hydrate C 6 H 12 0 6 .H 2 0 , nor those of the anhydride, can be easily centrifuged from 
the adhering syrup. Some American firms, however, evaporate the dextrose solution in vacua 
until it is of the proper consistence ; then crystals of pure dextrose, C 8 II 12 O fl , are stirred in, and the 
mass crystallises out as a mass of grains, which are then centrifuged a id obtained in a colourless state. 
A very large amount of a dark-coloured syrup is produced in this \ rocess, which is sold to brewers 
for colouring porter, under the name “ Climax Sugar. 

Caramel, Burnt Sugar, Gravy Salt, Gravy Coleur, and Coleurs for Soups, Wine, fifeer, 
Vinegar, Sauces, etc., are manufactured on a large scale from dextrose by making its solution 
alkaline with soda, evaporating, and heating to 220° C. The dark brown mass is poured into tins 
and allowed to solidify. Sometimes it is sold dissolved in a little water. Much used for colouring 
sweets, liquors, etc. 

Asrylmusry gives the following recipe for making a colour for rum :—3 kilos of NaOH or KOH, 
6 kilos water (or 4 kilos sodium or potassium carbonate and 8 kilos water) are dissolved by heating 
in a large iron pan, and then 120 kilos of glucose (or 130 kilos of syrup of glucose) are added, and 
the whole is heated over a direct fire until irritating vapours begin to be evolved. The heat is 
decreased, and the mixture stirred continually until the proper shade of colour is attained. 30 or 
40 1 . of water are then added in a fine jet. To produce a colour for vinegar, we take 6 kilos 
ammonium carbonate, 6 kilos of water, and 120 of glucose, and proceed as before. 

Caramel from Cane or Ordinary Sugar. —The sugar is heated with continual stirring in an 
iron pan until the whole melts, turns brown, and suddenly begins to froth up. Not more than 
15 per cent, of weight of sugar should be expelled, or the product will become insoluble. The 
change is stated to be represented by the equation 1 iC^H^O^Cj^HjagOgo+yCOa+27II a O. 
Cane sugar caramel is an amorphous reddish brown brittle mass, M.P. 134-136*6.; completely 
soluble in water, only partially so in alcohol. Bitter taste. Nonfermentable. 


Invert Sugar and Honey; Laevulose 

Invert Sugar is the mixture of glucose and fructose resulting from the hydro¬ 
lysis of sucrose. It is manufactured from sucrose by heating in solution with small 
quantities of mineral acid. It is laevorotary, the laevo-rotation of fructose (laevulose) 
being greater than the dextro-rotation of glucose, and has [a]£= -(27.9-0.32/), 
consequently, on inversion dextro-rotatory sucrose becomes laevo-rotatory. A 
mixture of laevulose and dextrose and a little sucrose occurs in the juices of many 
fruits—especially grape juice, which is quite free from sucrose. The mixture is 
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known as “grape sugar.” Invert sugar, however, is never obtained commercially 
from plant juices after the manner of sucrose, because it is too soluble and too 
difficult to crystallise. 

It is always manufactured by heating a 75-80 per cent, sucrose solution with a 
very small amount, say 0.02-0.05 P er cent., of hydrochloric acid, or 0.2 per cent, 
of tartaric, citric, or formic acid, to 95°-ioo° C. and neutralising with soda. The 
resulting syrup must not be concentrated in the usual way or it browns, and con¬ 
sequently is sold as it stands. If it contains 75 per cent, or under of sugar it will 
not crystallise; syrups with 80 per cent, of sugar on cooling separate as a solid 
mass. This invert sugar is used for improving wine musts (see Wine) ; it is also 
used in making artificial honey, since it is chemically identical with honey, failing 
only the flavouring matters peculiar to that fluid. 

Honey, in fact, is simply a mixture of dextrose and levulose, together with a 
little sucrose, dextrines, flavouring matters, pollen, and a little free formic acid, 
which acts as a preservative. In granular honey the crystals are of dextrose. 
When bees are fed on sucrose or glucose these materials pass over unchanged into 
the honey. 


In making artificial honey, invert sugar prepared as above is mixed with about 25 per cent, 
of a natural honey, rich in flavouring matters. 

Since the invert sugar contains sucrose, dextrose, levulose, and even dextrine, in amount 
almost the same as they occur in natural honey, the mixture has practically the same chemical and 
physical properties as real honey, and, in fact, cannot at the present time be distinguished from it. 
An adulteration of honey with dextrose from starch is easily detected, because of its stiong dextro- 
rotary properties. 


Pure Levulose (fructose, fruit sugar) is obtainable from inulin — the 
laevo-rotatory starch of Dahlia, Inula, and Chicory — by heating with dilute 
acids in exactly the same way that dextrose is obtained from ordinary starch. 
Laevulose is sweeter than cane sugar, and is very soluble in water, but difficult 
to crystallise. It is easily decomposed by acids into non-crystallisable syrups. It 
reduces Fehling’s solution very easily and ferments directly with yeast. It is 
strongly laevo-rotatory, the rotation being greatly effected by the concentration (c) 
of the solution and the temperature; [a]‘~ D ° = -(91.90-fo.inr)*. Industrially 
laevulose is obtained from invert sugar by means of the difficultly soluble calcium 
laevulate. It could, however, be obtained on the large scale from dahlias 
(containing 12 per cent, inulin) or chicory. 

Milk Sugar, Lactose, C 12 H 22 O n , is manufactured from the whey left ovet 
during the manufacture of cheese. See under Milk, p. 7 Sa. 


Other Varieties of Sugar 

Maple Sugar is obtained to the extent of 15,000 tons yearly in Canada and North America from 
the juice of the maple tree. In spring the mature trees (which may be 200 years old) can be made 
to yield sap containing about 2 kg. of sugar. The sap contains 2-4 per cent, of sugar, principally 
sucrose. It is consumed locally as a syrup. The industry is decaying, but maple sugar is highly 
valued for its flavour. ' 

In the East Indies about 140,000 tons of sugar are made annually from the juice of the coco-palm 
and similar sugar palms. In Bengal great plantations of the palms exist, each palm yielding during 
the interval of twenty-five to thirty years about 38 kg. of sugar annually. The labour of cultivation 
is very small. The sugar is consumed locally. 

Attempts to cultivate the amber cane {Sorghum saccharatum) in the United States for sugar 
have proved a failure, because besides sucrose the juice contains much invert sugar and non-saccharose 
constituents, so that it is difficult to get the sugar to crystallise out in sufficient quantity to repay 
working. 
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Estimation of Sugar 

Glucose may be estimated volumetrically by titrating the boiling sugar with Fehling’s solution 
(CuS0 4 +K0H + Rochelle salt). The glucose reduces the copper, throwing down a red precipitate 
of cuprous oxide, the solution becoming decolourised. 

pavy’s modification is easier. It consists in using a concentrated solution of ammonia with the 
Fehling’s solution. The Cu 2 0 dissolves in this to form a colourless solution, and so does not 
interfere with the end point, but Pavy’s method is usually confined to sugar estimation in fermented 
urine, which contains free ammonia. 

Sucrose or cane sugar does not reduce Fehling’s solution, but when hydrolysed by warming 
with dil. HC1 it is converted into a mixture of dextrose and levulose (see Invert Sugar), which has 
the same reducing power as glucose—342 g. cane sugar = 360 g. invert sugar or glucose. 

When the cane sugar solutions are fairly pure the amount of sugar is immediately given by the 
specific gravity with a floating hydrometer. The following gives the sp. gr. at 15® C. 


Per 

Cent. 

Specific 

Gravity. 

Per 

Cent. 

Specific 

Gravity. 

Per 

Cent. 

Specific 

Gravity. 

Ter 

Cent. 

Specific 

Gravity. 

0 

1.00000 

19 

1.079-7 

38 

1.16960 

57 

1.27297 

1 

1 00390 

20 

1.08354 

39 

1.17470 

58 

1.27879 

2 

1.00783 

21 

1.0S804 

40 

1.17985 

59 

. 1.28465 

3 

1.01178 

22 

1,09257 

41 

1.18503 

60 

1.29056 

4 

1.01576 

23 

1.09713 

42 

1.19024 

61 

1.29650 

5 

1.01978 

24 

1.10173 

41 

1.19550 

62 

1.30248 

6 

1.02382 

25 

1.10635 

44 

1.20079 

63 

1.30850 

7 

1.02789 

26 

I.IIIOI 

45 

I.2C6lI 

64 

l* 3 M 57 

8 

I.03199 

27 

1.11571 

46 

1.21147 

65 

1.32067 

9 

1.03611 

28 

1.12044 

47 

1.21687 

66 

1.32682 

10 

1.04027 

29 

1.12520 

48 

1.22231 

67 

1-33301 

11 

1.04446 

30 

1.12999 

49 

1.22779 

68 

i* 33923 

12 

1.04868 

31 

1.13482 

50 

1.23330 

69 

1*34550 

13 

1.05293 

32 

1.13969 

51 

‘•2358s 

70 

1.35182 

14 

1.05721 

33 

1.14458 

52 

1.24444 

7 i 

1.35817 

15 

1.06152 

34 

1 .14952 

53 

1.25007 

72 

1.36457 

16 

1.06586 

35 

1.15448 

54 

1*25574 

73 

1.37ioi 

17 

1.07023 

36 

1. 15949 

55 

1.26144 

74 

1*37749 

18 

1.07464 

37 

1.16452 

56 

1.26718 

75 

1.38401 


A rapid way of estimating sugar is by the polariscope. The solution is clarified with aluminium 
sulphate or lead acetate, filtered; and its rotation taken in a 20 cm. tube. [a]» for cane sugar=66.4 
(see p. 142). If mass of sugar in 1 c.c., a = observed angle of rotation, and /^length of tube 
in dms., then w=^ x a D . If there are other optically active substances besides sugar present, the 

polarisation angle, after inversion with HC1, is also taken, and the alteration in the angle of rotation 
gives a clue to their amount and nature* In technical analysis the scale is not graduated in arc 
degrees, but so as to indicate per cent, sucrose direct, when the normal weight, dissolved in 100 c.c., 
is observed in a 20 cm. tube. The German normal weight of sucrose is 26.048 g., and the gradua¬ 
tions arc degrees Ventzke; the French instrument reads degrees Laurent for a normal weight of 
16.33 £* 

1 Ventzke = x. 593 r, Laurent * o. 3440 arc. 1 0 Laurent=0.6277, Ventzke « o. 2167 arc. 

If clarification is necessary, in beet valuation, the readings must be corrected for dilution 
consequent on the addition of basic lead acetate, or if 10 c.c. of this solution is added to 100 c.c. of 
extract the sugar may be read direct in a 22 cm. tube. For details regarding the estimation and 
testing of sugar the reader is referred to standard treatises mentioned at the beginning of the article, 
yr tv Allen’s ** Commercial Analysis,” vol l (1909), p. 289 ti seq. 










SACCHARINE AND OTHER ARTIFICIAL 
SWEETENING CHEMICALS 

Bv G. Martin, Ph.D., D.Sc. 


Within the last few decades chemicals of enormous sweetening power have 
Deen placed on the market. The most important of these is the Saccha¬ 
rine of Fahlberg, 0-anhydrosulphamine-benzoic acid or benzoic sulphimide, 
yCO\ 

C 8 H 4 <f yNH; discovered in 1879 by I** Remsen and C. Fahlberg, and now 

'0U2 

manufactured by Fahlberg, List, & Co., in Salbke-Westerhiisen near Magdeburg. 
Toluene is converted into o- and /-toluene-sulphonic acid, C 6 H 4 (CH 8 )(S 0 8 H), by 
treating with concentrated H 2 S 0 4 at ioo° C. The acid is converted first into the 
calcium salt (by CaCO s ) and then into the sodium salt (by Na 2 CO a ), which is dried, 
treated with PCl 8 and Cl gas, whereby toluene sulpho-chloride, C 6 H 4 (CH 8 ).S 0 2 CI, 
is produced. This, by treating with NH 3 gas or with Am 2 C 0 8 , yields <?-toluol- 
sulphamide, C 6 H 4 (CH 3 ).S 0 2 NH 2 , which is oxidised by an alkaline solution of 
KMn 0 4 to C 8 H 4 .(COOK).S0 2 NH2, which when treated with HC 1 is immediately 
converted into free 0-sulphaminebenzoic acid, C a H 4 (COOH)S 0 2 NH 2 , which 

/CO v 

then spontaneously splits off water, forming the anhydride, C a FL<C /NH, 
which separates out. 

Saccharine is a white crystalline powder with .difficulty soluble in water, melts at 
223.5° C. and is five hundred times sweeter than cane sugar. Easily soluble 

/CO \ 

saccharine consists of the sodium salt, CgH^ ^>N.Na, prepared by treating 


saccharine with alkali carbonates. 


Dulcin or Sucrol is another sweet chemical, about two hundred times sweeter than cane sugar. 
It is mono-/-phenetol-carbamide, NIl2.CO.NHC 6 II 4 .OC2li 5 , prepared by evaporating a solution of 
^-amidophenetol cyanate thus :— 


CaHjO. C # H 4 . NH £ —(HO—C \ N) —> CgHjO. C 8 II 4 . N H —CO—N 11 *. 
It may also be obtained by heating urea with phenetidine hydrochloride, 


• h < 


OC e H 6 
NH0.HC1 


+ CO 


< 


NIL 


'NH a 


/NH 2 

j-5 QQ' 

H. C a I I 4 . OCjH 5 


+ NH.CL 


White needles, M.P. 173* C.; soluble in 800 parts of cold or 55 parts of boiling water, also m 25 
parts of alcohol. 

Other very sweet chemicals are Gludne (amidotri-azinesulphonic acid or its Na salt), Sandoce or 


Methyl Saccharine, C fl H 8 (CH 3 )./ C ° NnH, etc. 

x SO/ 

Saccharine and similar sweetening chemicals possess no food value at all, while sugar, on the 
other hand, is a valuable food. The use of saccharine has on this account been made illegal in 
many countries as a sweetening agent for cakes, liquors, etc., intended for human consumption 
(except in the case of certain medicines). Saccharine must be made under Government supervision, 
and it is sold by apothecaries to diabetic patients as a substitute for sugar. It has considerable 
antiseptic or preserving qualities. 


Statistics. —Saccharine is subjected to a duty of 7d. the ox. in Great Britain, the duty raised 
from this source being 436,000 in 1913 on 1,234,000 ox. The quantity imported in 1913 was 
1,242,000 ox., of value 414,435. The quantity exported was 21,278 oz., of value ^4,402. No 
saccharine was manufactured in the United Kingdom prior to 1903. 

The United States imported 2,977 lbs. (value, $3,395) in 1908, and 1,405 lbs. (value, $1,901) 
in 1909; the United States export reached 2,513 Jbs. (value, $2,225) u* 1910; the United States 
duty is $1.50 per ib. and 10 per cent. 
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THE STARCH INDUSTRY 

By G. Martin, Ph.D., D.Sc. 
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Starch, (C 0 H l0 O ft ) n9 is a white, glistening, tasteless carbohydrate, found in the 
form of small granules in the cells of grain, legumes, and potatoes. It is, next to 
cellulose, the most abundant material found in the vegetable world, existing in all 
plants with the exception of the fungi. 

St&rcli is a condensation product of low grade sugars (hexoses), and is originally formed in the 
cells of the leaves of plants from the C 0 2 of the air, by the aid of chlorophyll in the presence of 
sunlight. The starch is a migratory reserve food material, being transformed by enzymes into 
soluble sugars, which pass into the sap of the plant, and so it is carried throughout the plant, 
building it up and appearing at different stages of plant growth as cellulose, gum, lignin, etc. 
The microscopic starch granules have a concentrically stratified structure, similar to that of an onion. 
According to older ideas (Nageli), the granules are surrounded by a sheath of cellulose, and growth 
occurs in concentric new layers from the kernel outwards. According to modern ideas (A. Meyer, 
“ Untersuchungen liber die Stiirke,” Jena, 1895), the starch granules are sphero-crystals, which 

g row from the centre outwards in the usual manner in the form of a cone-shaped agglomerate of 
ne crystalline needles, which branch off* like trees, and thus extend their growtn. The formation 
of concentric layers is due to the varying density and moisture-content of the different zones. 

As regards the chemical nature of starch, Brown and Morris (see pp. 264, 265, Beer) 
consider it to have the formula S(C ia H a0 O J0 )2v According to Maquenne and Rous {A. ch, f 
[81 9 (1936)1 170*220), Natural Starch consists of two distinct substances, Amylose (80-85 per 
cent) and Atnyiopectin (20-15 per cent.), the first being identical with Nageli’s and Brown and 
Heron's starch cellulose. Amylopectin is identical with Nageli’s “starch granulose.” 

Kinds of Starch. —Starch is generally obtained in Europe from potatoes, 
rice, wheat, and maize. In the tropics it is obtained from the palm, and tubers of 
various plants, e.g. y sago starch is obtained from the-pith of the sago-palm (Sagus 
lasvis y etc.), arrowroot is the starch of the Maranta arundinacea and indica (West 
Indies, Brazil,etc.). Tapioca comes from the Manihot utilissima % Pohl. Every species 
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of starch exhibits its own particular form and structural markings, so that adulteration 
can be detected and measured (*.£*., the admixture of cheap potato starch with 
expensive wheaten or rice starch) by microscopical examination. Each starch cell 
has a dark point, central in some, eccentric in others, known as the hilum . Round 
this are a series of concentric lines which give each kind of starch grain a 
characteristic appearance. (See Fig. 67, p. 178.) 

Potato Starch has the largest granules (0.05-0.09 mm. diameter), of a charac¬ 
teristic mussel-like appearance. 

Wheaten Starch consists of round lens-shaped cells of 0.020-0.030 mm. 
diameter, with a central’ dark point and faint markings. Mixed with these are 
still smaller cells, 0.002-0.008 mm. Maize Starch consists of characteristic 
polyhedronal cells, 0.015-0.020 mm. diameter, with a dark centre and no visible 
layers. 

Rice Starch consists of very small sharp-cornered almost crystalline-looking 
granules, of diameter 0.003-0.007 mm., which agglomerate together to larger 
granules. Tapioca, arrowroot, and other forms of starch have all their 
characteristic appearances, easily recognised by experts as the result of micro¬ 
scopical and optical investigation (see Fig. 67, p. 178). 

Potatoes yield the cheapest starch, and starch is largely manufactured from them in Germany, 
where over one hundred potato starch manufacturers exist, usually small in size on account of the cost 
of transport ot the potatoes. They occur in country districts, and work only in the winter months, 
using the waste products, fibres, etc., for feeding cattle. Some of the larger potato starch factories 
produce over 20 tons of starch daily. A large proportion is converted directly into dextrine, 
brewing syrups, glucose, etc. Starch is also largely manufactured from rice. The largest starch 
rice factory in the world is Hoffmann & Co., in Salzuflen, Germany, which works over 5 tons of 
rice daily. 

Germany is the largest starch manufacturing country. She now produces about 180,000 tons of 
potato starch (value about £1,300,000), 20,000 tons rice starch (value £500,000), 16,000 tons of 
wheat starch (value ,£260,000), and 9,000 tons of maize starch (£^25,000). Germany also produces 
from starch about 56,000 tons starch syrup, 30,000 tons dextrine and starch gum, 9,000 tons glucose, 
and about 5,000 tons of caramel or burnt sugar, having a combined value of about £1,000,000. 

Next to Germany as a starch producing country comes the United States , with 124 starch 
factories yielding 140,000 tons of starch. The bulk comes from maize (76-77 per cent.), only 
14 per cent, being obtained from potatoes and 9 per cent, from wheat. 

The sugary products obtained from starch are used as brewing syrups and in preparing jams, etc. 
(see Glucose). Wheat starch, being difficult to work, is not manufactured very largely now. 

The following statistics show the import and export of starch into the United Kingdom 

Import. 



1909. 

1910. 

Value, 1910. 

Rice starch. 

Other kinds of starch - 
Farina and potato flour - 

. Cwt. 
223.534 
414,945 
773,993 

Cwt. 

246,348 

615,024 

739,615 

£241,201 

324,383 

437,286 

Export. 

Rice starch. 

Other kinds of starch - 
Farina and potato flour*- 

58.807 

IS,*58 

9.273 

64,102 

10,062 

9,365 

7.650 
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The United States import and export of starch is shown by the following figures 

Import. 


1906. 

1909. 

1910. 

Value, 191a 

5,422,000 lbs. 

17,301,000 lbs. 

10,861,000 lbs. 

$296,000 

Export. 

66,575,000 lbs. 

33,228,000 lbs. 

51,536,000 lbs. 

$1,275,000 


Properties* —Starch is a very inert body, insoluble in cold water, alcohol, 
ether, and cuprammonium (the latter differentiating it from cellulose). It dissolves 
in KOH solution, forming a potassium derivative. Starch is very hygroscopic, 
retaining when air-dried from 16-28 per cent, of water, and when dried in a vacuum 
it retains about 10 per cent. Absolutely dry starch attracts moisture with great 
avidity, becoming warm when moistened. When dry, starch may be heated without 
change to 149 0 C. (300* F.), but between 149 0 and 204° C. (3oo°-4oo° F.) it is 
transformed into dextrine or British gum (which see), a substance soluble in 
cold water. At higher temperatures the starch is decomposed. 

Although insoluble in cold water, starch granules, when heated with water, 
swell up and form a paste, and in the presence of much water produce colloidal 
solutions. The temperature at which this “ gelatinisation ” occurs differs with the 
various kinds of starch, e.%., potato starch gelatinises with water at 65° C., maize 
starch at 75° C., barley, kilned malt, rice, rye, and wheat starch at 80* C., while 
green malt and oat starch gelatinise at 85° C. The paste from wheaten and maize 
starch has a far greater “sticking power” than that from potato starch. The 
sticking power is increased by slowly drying the starch at a low temperature, and 
reduced by the presence^ acids or alkalies and by prolonged boiling. 

In general, when starch is heated alone or under pressure with water, the starch 
molecule breaks down into "dextrines,” which are permanently soluble in cold 
water. This is a consequence of progressive “ hydrolysis,” water being gradually 
combined as the breakdown of the starch molecule proceeds. This conversion 
proceeds especially rapidly under the influence of dilute acids or diastase, the 
dextrines having the composition (C 6 H 10 O 6 ) n ,H ? O. The first product of the 
transformation is “ erythro*dextrines,” and which give a red or brownish colour with 
iodine; as the hydrolysis proceeds, the iodine coloration vanishes, achro-dextrines 
being prpduced ; the final product of the action of diastase on starch is maltose, 
C 12 H 22 O n . Acids hydrolyse the maltose further into two molecules of glucose or 
dextrose, C 6 H 12 0 6 . This reaction is used for manufacturing glucose or dextrose 
from starch (see Glucose, p. 166). 

Manufacture of Starch 

It will be noticed that cereals of various sorts contain far less water than potatoes. 
Maize and oats are richest in fat. Regarded as a diet the cereals contain a large 
excess of carbohydrate and a deficiency of protein and fat. Bread and cooked 
cereals, however, are eaten, not as a source of protein, but as a source of carbo¬ 
hydrate, and as a diluent to the concentrated protein and fat foods. Of the 
cereals wheat and rye alone are suitable for making bread, on account of con¬ 
taining a peculiar protein, “ glutin,” which becomes viscid when mixed with water, 
and causes the binding properties of the dough. 

The following table shows the percentage of starch in the chief raw products 
used in its manufacture 




i/8 


INDUSTRIAL CHEMISTR 1 



Rice 

(husked). 

Wheat. 

Maize. 

Potatoes. 

Starch (inclusive of sugar and dextrine) ’ 
Cellulose fib* e, pentosane, etc. 
Nitrogenous substances 

Fats - 
Ash 

Per Cent. 
76-80 

O 6 

7.8 

0.5 

1.4 

Per Cent. 
70.0 

2.5 

12.4 

1-7 

1.8 

Per Cent. 
68.5 

2.5 

9-9 

4.6 

Per Cent. 

20.0 

0.8 

2.0 

0.2 

1.0 

Percentage of dry substance 

86-90 

^88.4 

87.0 

24.O 


Rice Starch. — Rice, O/yza sativa , contains a higher percentage of starch 
(76-80 per cent.) than any other grain, but, on account of the extreme minuteness 
of its starch granules, and the presence of gums and albumens which firmly cement 
the cells together, is one of the most difficult substances to work for pure starch. 
For this reason the operation is usually undertaken only by very large industrial 
manufactories, and bruised rice is usually employed. 

The process is as follows :—The rice is soaked with" a very dilute solution of NaOH (o.3-0.6 per 
cent solution, a stronger solution gelatinises the starch) in large cemented tanks. This dissolves 
the gums and nitrogenous matter cementing the starch cells together. The wet rice is then finely 

f round between millRbnes, keeping it moist during the process with NaOH solution. The grinding 
nally disintegrates the agglomerate of starch cells into the individual cell 5 . The mass is next 
transferred to vats provided with stirring apparatus, and a milky suspension of the fine starch 
particles is obtained,„th* cellulose, fibres, and heavier constituents sinking to the bottom. The 
starch milk will not easily and quickly deposit the starch by sedimentation (as is the case with 
potato starch), on account *of the extreme smallness of the rice-starch granules. Consequently to 
extract the starch, the milky liquid is transferred to rapidly rotating centrifugals, the drums of which 
are not perforated to allow the water to escape. As the result of the centrifugal force, the starch 
granules settle out as a compact ring on the interior circumference of the rotating drum, the outer¬ 
most layers being practically pure starch, while the internal part of the ring is composed of impure 
starch, mixed with cell fragments of mixed starches. In the middle of the drum the water settles 
out as a clear liquid; this is run off, and the compact ring of starch is taken out, and the interior 
impure layer scraped off and made to undergo the same process again. It is usually necessary to 
add a trace of ultramarine to the starch in order to obtain a pure white. The starch is then cut 
into 7-in. cubes, pressed in iron forms until the water content is diminished to 45 per cent, and 
then slowly dried in drying chambers. When the amount of water reaches 29 per cent, the surface 
layer of starch is scraped off. This layer is of a yellowish colour and contains a considerable 
quantity of impurities which have diffused out with the water from the interior of the cake to the 
exterior, and been left behind by the evaporating water. The residual cake of starch is now 
packed in cardboard or paper boxes, and dried until peculiar longitudinal fissures or cracks appear. 
It has then 12 per cent of water. 

During the process of drying great care must be taken to guard against the development of 
moulds on the surface of the starch—a result of the incomplete separation of the nitrogenous matter 
—such moulds often completely spoiling the goods. 

The alkaline liquid or “ lye ” separated from the starch during the grinding and soaking process 
contains a considerable amount of nitrogenous matter in solution. The dissolved matter is 
precipitated by H^ 0 4 as a glutinous mass, which, when dried, forms a valuable cattle food. The 
other waste liquids from the manufacture are valuable manuring waters for meadow lands, and are 
used as such. Their escape into small streams is dangerous. 

Rice starch has great sticking power, and is nearly twice as valuable as potato 
starch (g-v.). On account of the smallness of its grains it may be used in a powdered 
form for stiffening linen in laundry work. 

Wheat Starch.— A grain of wheat consists of (i) the germ, (a) the endosperm 
or kernel, (3) the outer envelope or husk, which constitutes the bran. The husk 
has an outer cuticle from which delicate hairs spring, under which are three other 
layers, the two outer of which consist of flattened cells. Then comes the envelope 
of the seed, the “ testa n or “ episperm,” which encloses the endosperm (see Fig. 68). t 
The envelope of the seed ednsists of angular cells filled with a mixture of soluble and insoluble 
proteins, which with water form a thick viscid mass, and when dried has a horny appearance. This 
is the “ gluten,” and its presence determines the binding quality of dough made from wheaten flour 
or xye. The gluten does not exist as such in the grain or flour, but is developed by the interaction 
in the presence of water of two proteins, gUxdin and glutenm. 
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The endosperm consists of (a, Fig. 68) large starch cells provided with 
delicate walls, and filled with starch granules. 

The husk (“ bran ”) consists principally of cellulose with pigments and mineral 
matter. The endosperm is mainly starch. The germ (b, Fig. 68) — forming only 
a small proportion of the whole—is rich in protein and fat. For chemical 
composition of wheat, see p. 178. 

For the preparation of flour the grain is ground or milled in iron roller mills 
and the various constitutnts of the grain separated. The outer coats yield bran, 
fine pollards, sharps, and middlings ; the endosperm yields ordinary wheaten 
flour; the germ is removed as “offal.” 

The flour is sorted out by machinery into— 

(1) A smaller jxirtion of very white flour known as “patents.” It is very poor in proteins and 
is the flour fiom which genuine Vienna bread and the best fancy breads and p,i« 4 ries are made. 

(2) A largei portion known as “bakers’ 
flour.” 

The semolina, which is obtained from 
the central part of hard wheat and which 
is rich in gluten, is also removed from 
white flour. 

Hence ordinary white flour (and white 
bread made from it) contains no bran, 
germ, or semolina, and consequently 
valuable food constituents (mineral matter 
and protein from the semolina and bran, 
protein and fat from the germ) are absent 
from it. 

Wholemeal flour (and wholemeal 
bread) includes these constituents, and is 
consequently much 1 idler in nitrogenous 
and mineral foods than white bread. 

Wholemeal bread, however, irritate^ 
delicate stomachs on account of the 
cellulose and silica of the outer coat. 

Recently the outer layers of the husk 
have been removed, and with it the 
irritant material, and a flour has been 
pj.it on the niaiket containing the valuable 
mineral, protein, and kitty constituents 
of the inner branny coal, germ, and 
semolina. This is the so-called “80 
per cent, flour” and is used in making 
“Standard bread.” By “80 per cent, 
flour” is meant thjit from 100 lbs. normal 
wheat (*.£., I bushel weighing 64 lbs.) 80 
lbs. of flour arc obtained. 

The food known as Grape-Nuts is 
derived solely from cereals, the con¬ 
stituents of which are rendered more 
digestible than in the raw cereal (pro¬ 
bably by a process of malting followed 
by roasting). This is evident from the 
remarkable solubility of the preparation, 
nearly 50 per cent, of which is soluble 
in cold water. The soluble portion contains no starch, being chiefly dextrine. The following 
gives an analysis of a sample of “ Grape-Nuts ”: moisture, 6 per cent. ; mineral matter, 2 per 
cent.; fet, 1.6 per cent. ; proteids, 15 per cent. ; soluble carbohydrates, etc., 49.4 per cent. ; 
unaltered insoluble carbohydrate, 26 per cent. ; the mineral matter is rich in phosphoric acid. It is 
placed on the market by the BoStuni Cereal Co. Ltd., Battlecreck, Michigan. 

The process now usually adopted for working wheaten flour for pure starch is 
the Sweet Process . The flour is mixed with a small amount of water to a stiff dough, 
placed in special kneading machines, and the excess of water kneaded out. Most 
of the starch goes into suspension in the water, forming a milk, while the sticky 
gluten and cellulose fibres remain behind as a thick soft mass. The open kneading 
machine most used for the process is seen in the illustration. It consists of a 
trough in which two kneading arms are worked in opposite directions, one directly 
by means of a pulley and the other indirectly by means of toothed wheels. The 
wings revolve at different rates, so that no clogging can occur. The starch milk is 
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emptied out of the tiough from time to time, the last traces being removed from 
the remaining gluten by passing the mass through rollers 

The starch nnlk is separated into pure “ Pnma ” starch and glutinous “ secondary 
starch” by centrifugalling in special drums, which are non perforated, the process 
being exactly the same as described in the manufacture of lice starch r Ihe drying 
is also earned out as with nee starch, similar fissures making their appearance m 
the dried mass as is the case with lice staich, the fissured appearance differen 
tiatmg the valuable wbeaten and rice starch from the chcapci potato starch Even 
on adding glutinous matenal to potato starch it is impossible to obtain this 
fissured appearance 

1 he gluten ruh secondaiy starch is cithti directK used as food (also as cattle 
food) or is allowed to spontaneousl) ferment at 50° C (see below) when a further 
yield of starch is obtain ible 

In Gt 1 minx w Ik itcn stale h 
Wf fictoms ik often run duecily 



T K 69 —Kneading Machine 
(Werner, Pfluderer, \ Perkins, Peterborough ) 


in eonnection with a baher\ 
the flour is 1 neided out with 
witer and the stirih milk is 
sepnated as ilnne described 
and w oiked for pure starch by 
me ms of ccntnfugals In this 
w \y, 60 75 per eent of pure 
st irch is obtained 1 he 
glutinous lesidues are then 
used for taking 

A\ith pioper care 100 
parts of flour yield 60 
parts pure “prima starch,” 
10 parts “secondary 
starch,” and 10 parts of 
the sticky gluten The 
gluten is difficult to com 
pletely dry, and being a 
proteid, in a wet condi 
tion rapidly undergoes 
putrefaction In a dried 
and powdeied condition 
attempts have been made 
to place it on the market 
under various tradenames, 
e “Albumen Powder,” 
“ Aleuronate,” etc, but 
with little success Usually 
it is allowed to putrefy 
at about 50° C. for some 
time, when it acquires 


gummy properties, and is 

then rolled out into thin sheets, dried, and sold as a paste called “Shoemakers’ 
Paste ” No other paste adheres so well to leather as this paste, and with it leather 
can be secured not only to leather but also to woven materials, paper, etc 


Formerly, and to some extent at the present time, crushed wheat was worked for starch by 
moistening with water and allowing fermentation to set in, lactic acid being formed and the gluten 
largely dissolved The starch granules could then be easily washed free from the gluten The 
residues could onl) be used as cattle food 

Potato Starch. —The potato contains from 16 22 per cent, of starch, 1.5 
per cent, of sugar and dextrine, and 76 per cent, of water. (See p. 178, Table ) 

In Germany very large amounts of starch are obtained from potatoes; 3 per 
cent, of the total potato production going for the manufacture of starch, 6 per cent, 
bung utilised for industrial alcohol and spirits, the rest being consumed as food. 
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In Germany the potatoes are usually worked for starch in small factories situated in country 
districts, which usually work only in the winter months and employ the waste from the manufacture 
directly as cattle food. 

The potatoes, when kept, lose considerably in weight through internal breathing and loss of 
water by evaporation. Consequently, in order to diminish loss, they are stored after harvesting in 
dark, cool cellars. If allowed to freeze they become sweet owing to the accumulation of sugar 
in consequence of the cessation of breathing (which consumes the sugar, evolving it as C 0 2 ). When 
germinating in spring a large amount of starch is lost (see under Malt), being used as food for the 
growing plant The germ contains the poisonous alkaloid Solanin. Potatoes are invariably worked 
for starch during the winter months. 

The percentage of starch in the potatoes is usually estimated by taking their 
specific gravity by means of Reimann’s potato balance, the potatoes being weighed 
in air and in water. If Wa = weight in air, and Ww = weight in water, then their 

Wfl 

specific gravity S is given by S = ( V v ^ Vw ' w) ' 

Direct experiments have shown that there is a connection between the specific 
gravity and the starch contents. The following figures are taken from Behrend 

Morgen's Table:— 


Specific Gravity 
of Potato. 

Starch. 

Specific Gravity 
of Potato. 

Starch. 


Per Cent. 


Per Cent. 

1 080 

* 3-9 

1,120 

22.5 

1 090 

16.O 

1 1.140 

26.7 

] 100 

18.2 

1.159 

30.6 

i.iro 

20.3 




Young or diseased potatoes are unsuitable for starch manufacture, the former 
containing small undeveloped starch granules, and the latter having the granules 
partially destroyed, which renders the isolation of pure starch difficult. 

The larger the starch granules in a potato the better the yield and quality of 
the prima starch. 

Attempts have been made in Germany to increase the starch content of potatoes 
by selective cultivation, much in the same way that the enrichment in sugar of the 
sugar-beet has been effected (see Sugar, p. 144), but up to the present, however, 
with little success. 

Manufacture .—The potatoes are first washed in special machines, and then cut 
up into a fine pasty mash by special cutting machines. The starch is washed out 
of the pasty mash by water. The residual fibrous matter, consisting principally 
of cellulose, is used for feeding cattle, and sometimes for making glucose. A brush 
extracting machine is used for washing out and removing the starch granules from 
the potato mash, the starch being obtained as a milky suspension in water. The 
brushes are arranged spirally round the axis of the machine, and cause the potato 
pulp to traverse it from end to end, subjected meanwhile to the washing effect of 
water. The cellulose fibres are separated by sieves, and the milky starch suspension 
is run either through troughs inclined at a very small angle, or into large cemented 
tanks. The starch sinks to the bottom and is collected, washed again in tanks 
with pure water, allowed to settle, and the upper layer of starch, which is impure 
and greyish in colour, is scraped off. By repetition a perfectly pure moist starch is 
obtained, containing 50 per cent, of water. The starch is now dried. In the process 
it must not at first be heated beyond 40° C., or it begins to swell up and gelatinise. 
The introduction of centrifugal machines for drying has been attended with 
beneficial results, the centrifugal drums being provided with fine cloth, which allows 
the water to pass through, but not the starch. The starch is centrifuged until 
it contains 30-35 per cent, of water. It is then transferred to special basketwork 
frames or drying apparatus, and dried in warm air at 30° C. until it contains 17-20 
per cent, of water. It is not dried beyond this, because if this were done the dried 
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starch on exposure to ordinary air would again rapidly absorb moisture until this 
percentage is attained. Potato starch is the cheapest kind of starch* being only 
half the price of the best rice or wheat starch. 

From 80*90 per cent of the starch in the potato can be isolated by careful work, and it comes 
into the market in a ground condition as a fine white powder called “ Potato Flour.” 

Two qualities are usually sold, namely, Prima Potato Flour, snow white, with only a trace 
of nitrogen, fat, and ash (tes than 0.5 per cent), and Secondary Potato Flour, which is grey in 
colour, and contains a certain amount of nitrogenous bodies, fats, etc. 

Potato starch is sometimes put on the market in a grantdar form (“ Artificial Sago”), by 
mixing the damp starch with a little dextrine solution, rubbing the mass through sieves with 3-5 mm. 
mesh, rounding the particles in a rotating drum about 15 ft. long, dusting with powdered starch, 
sieving and drying at ioo° C. in a chamber until a glaze is formed, then drying at a lower temperature. 
It is often sold as “sago” and has the same nutritive value as true sago. 

The pulp left behind after the extraction of the starch amounts to about 20 per 
cent, of the original weight of the potato, and contains 10-20 per cent, of the total 
amount of starch originally in the potato, as well as much cellulose fibre, nitro¬ 
genous matter, and ash. It is either dried to 70 per cent, water and used as 
provender for cattle, in a fresh condition, or dried further, mixed with oil cakes, 
compressed, and sold in the form of cakes for cattle. The juice and liquor from 
the potatoes is rich in nitrogen, potassium, and phosphorus, and is used for 
manuring land. Potatoes contain 0.25 per cent. N, 0.2 per cent. P 2 0 6 , and 0.6 
per cent. K 2 0 . (See Table, p. 178.) 

Maize Starch or Corn Starch Manufacture, now an enormous in¬ 
dustry in the United States, is carried out by steeping maize in large hopper- 
bottomed wooden vats with water containing 0.3-1 per cent, of sulphur dioxide, 
SO a . The steeping lasts two to four days, the hot S 0 2 water being kept in 
circulation by steam siphons and heat is supplied to maintain the temperature at 
4o°-5o° C. (i20°-i40° F.). 

The steep water is either run to waste or evaporated to recover the soluble extract as cattle food. 

The disintegrated grain is crushed in a Foos mill and stirred up with water. 
There remains a sediment of unground maize (which is reground) while the 
finely ground portions pass away suspended in water through a large V-shaped 
tank (the “ Degerminator ”) fitted with a screw conveyer in the bottom and 
skimming paddles at the top. The germ of the maize floats and is skimmed 
off by the paddles and so separated. 

The separated germ is washed free from starch, cooked with live steam, and “ maize-oil ” or 
“corn-oil” is manufactured by pressing, the solid residue being sold as a cattle food, as “oil-cake 41 
or “ maize-germ cake.” See p. 44. 

The endosperm, starchy and dextrinous matter, bran, fibres, etc., pass on in 
the liquors, known as separator-liquors. These liquors are first of all passed 
over vibrating copper sieves, which retain the coarser particles, bran, fibre, etc., 
the starch suspension passing on to other sieves. 

# The coarse material retained by the copper sieve at this stage is caught in elevators, conveyed 
afresh to the grinding mills, ground with water in burr-stone mills, pumped to mechanically stirred 
feed vats, and the liquor coming from these is united with the above mentioned “separator 
liquors ” coming from tne degerminator. 

The starch-containing liquors coming from the copper sieve now pass over 
a series of sieves known as “shakers,” being made of No. 10 bolting cloth 
stretched over wooden frames. These receive a vibratory motion from an 
eccentric shaft, the shakers being set on hickory sprains to give a rapid but 
soft motion. The starch cells pass through as a milky liquor, while a mass 
of grain and bran is left behind on the sieves (“ shakers ”). 

This residue is stirred with water to wash out starch, then pressed and sold as “press feed”; 
or it is dried and sold as “corn bran.” It contains: Proteids, 10.5 per cent; fat, 2.75; 
carbohydrates, 65.0. 

The milky liquor running through the sieves is known as “mill liquor” or 
“crude starch liquor.” It contains the starch as a fine suspension, 1 gaL containing 
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5.4 oz. pure starch and 1.5 oz. of “dry feed.” Its specific gravity is 3 0 Be. It is 
(sometimes) run through another series of sieves (to remove fibres, etc.) and then 
is made to flow over a long series of wooden gutters (usually made in sixteen 
sections, each 120 ft. long and 6-7 in. deep, and each section divided by wooden 
partitions into three channels each 18 in. wide and having a slope of | in. in every 
12 ft.). The speed is 1 gal. per thirty-five secs., the entering density of the liquor 
being 3.5 0 B£. The starch granules are here almost completely deposited, the out¬ 
flowing liquid only possessing the specific gravity of 0.5 B6. and escaping at the 
rate of 1 gal. per twenty secs. 

The escaping liquors are either run into settling tanks, settled, and the supernatant clear liquid 
siphoned off and the fluid mass underneath sold as a cattle food (“swill ** or “ slop ’*). 

Sometimes the sediment is pressed and sold as “ gluten-meal.’* 

The starch which has deposited in the gutters or runs is now shovelled out. It 
contains 50 per cent, water and is impure. It is made into a paste of 7 0 Be. with 
water in large wooden vats (“ breakers ”) provided with stirring gear, and a solution 
of caustic soda of 3 0 Be. run in until the liquid turns greenish yellow. The alkali 
neutralises acidity, precipitates some proteid, emulsifies or dissolves any oil. 

The fluid is now diluted to 3.5* B 6 . in vats, and once more sent down the 
separating gutters. The starch separated this second time is once more mixed 
with water, run into shallow pine-wood draining boxes, provided with perforated 
bottoms. The moisture drains off overnight and the blocks of moist starch (55 per 
cent. H 2 0 ) are then dumped out of the boxes on to the drying floors. 

Very often the starch after coming from the gutters after the alkali treatment is further purified 
by mixing with water to Ii°-I2° B6. , and is then placed on a series of sieves or shakes, where any 
coagulated material separates, the starchy fluid pouring through at 8° This liquid is then 
settled, the supernatant liquid run off, fresh water added, and the mass, of sp. gr. 24 0 B&, is run into 
the draining boxes as above described Sometimes the alkali treatment is omitted, this “un- 
chemicalled starch” being used for baking powder, or as size in the textile industries. 

The drying of the starch is best done in vacuum. The purified starch paste is 
first run into boxes lined with linen, and placed in a vacuum chamber. Rapid 
drying takes place in a few hours. The starch in these boxes is cut into 7-1'n. 
cubes, placed in a hot air drying chamber provided with an exit for moist air. In 
the stream of dry air the starch completely dries in a few hours. 

In the old system of drying (still used), the starch was first dumped on to drying floors 
made of porous brick, covered with plaster of paris, and heated by steam pipes from beneath. 
Here the moisture content is reduced from 55 per cent, to 45 per cent. The starch is now crushed, 
placed in small blocks on shelves in a hot air drying kiln, and dried at I20°-I30° F. 

The yellowish crust which forms on the outside is scraped off, and the blocks redried at 
156*-176* F. for three to sixteen days. The scrapings are worked for starch, using alkali as before. 

Maize yields 59 per cenU of starch, decorticated maize giving 68 per cent. 

Maize starch is put on the market as (1) Thin boiling starch prepared by 
suspending unchemicalled starch in water (22 0 Be.), adding hydrochloric acid 
to the water in the mills, then boxing. and draining and drying the starch as 
described above. The HC 1 converts some of the starch to a soluble form, whereby 
it yields a paste of low viscosity. This is the “drying-in” process. In another 
process, called the “in-suspension” process, the suspension of starch in water 
(22° B6.) is heated to a temperature well below the gelatinisation temperature with 
a little HC 1 or H 2 S 0 4 , with continual stirring. The starch is then run into boxes 
and dried. 

The thin boiling starches aie used in laundry and confectionery work, and 
produce a thin paste. 

(2) Thick boiling Starch is the ordinary starch, dried slowly as above 
described. When very thick boiling starches are wanted, either for use in baking 
powder or as size in the textile industries, the treatment with alkali (see above) 
is omitted, the starch being merely run through the gutters or runs a second time 
and dried slowly. The protein is thus not removed, and so the material has a 
greater “ agglutinating ” power. 

The starches “ Mondamin ” and “ Maizena ’’ are prepared from maize. 



18 2 b 


INDUSTRIAL CHEMISTRY 


Cornflour is made from maize or Indian corn, large factories existing at 
Paisley in Scotland, the process of manufacture being very similar to that above 
described. Rice starch, similarly treated, is sold for dietetic purposes as “ British 
Cornflour," etc. 

Manufacture of Arrowroot. — The roots of the plant Maranta 
arundinacea are collected, thoroughly washed, and the skin removed with 
suitable knives. The skin, if left on, discolours the starch and imparts to it an 
unpleasant flavour (owing to resins contained therein). After removal of the skin 
the roots are washed, pulped by crushing between copper rollers, or by pressing 
against water, and the pulp is transferred to upper cylinders provided with small 
perforators, where it is thoroughly agitated and treated with a current of water. 

The starch is thus separated from fibre, etc., and is carried away in the milky 
liquid issuing from the cylinders, the woody matter, etc., remaining behind. The 
liquid is now filtered through fine muslin sieves (to separate any floating fibre) 
and is then allowed to settle in reservoirs, when it is washed with fresh portions 
of clean water after each settling. The starch is then transferred to shallow copper 
pans, covered with fine white gauze (to protect from dust, etc.), and allowed to 
dry. When dry it is packed in small barrels for shipment. 

The composition of the roots is given by Leuscher (fount. CJiem. Soc., 1902), as: H a O=63.4 
per cent.; starch = 27.8 per cent.; dextrin and sugar = 2.o8 per cent.; fibre-3.9 per cent.; 
ether extract=o. 19 per cent. ; proteid=i.64 per cent. ; ash=o.89 per cent. Arrowroot starch 
contains: starch, 83.7 per cent. ; ll 2 0, 15.9 per cent. ; fibre, 0.04 per cent. ; sugar, gum, 0.18 per 
cent.; ash, 0.14 per cent. ; proteid, 0.0. 

Tapioca is prepared from the Cassava or Mandioc plant of South America. 
The tubers are washed, peeled, pounded to pulp, pressed in baskets to expel the 
poisonous juice, and the meal thus obtained is sifted (to remove fibre), dried by 
gentle heat (never sufficient to colour the meal), which expels the last traces of 
the poisonous juice. Cassava Starch is prepared by repeatedly washing the 
fine meal with water, the sediment allowed to settle, the water decanted, and 
the starch is sun-dried. Tapioca is made from the moist starch by heating on 
metal plates. The starch grains swell, burst, and become agglutinated into the 
commercial granular “ tapioca." 

Manufacture of other Varieties of Starch.— Starch is also manufactured 
from various other tropical plants, e.g. t Curcuma, Tacca, and Sago. Sago starch is 
obtained by kneading with water the pithy interior of the sago-palm. “Pearl 
sag’O ” is obtained by forcing* the moist sago starch through sieves, rolling in 
cloth, and heating with a little fat in pans. Pearl sago contains: starch, 84.6 
per cent.; H 2 0 , 15.2 per cent.; ash, 0.11 per cent. Large amounts come from 
Singapore. A similar granular substance made from starch meal is known as 
“Artificial Sago” (see under Potato Starch). 

Soluble Starch is obtained by boiling starch with water, the solution being 
rendered quite clear by the addition of a little caustic alkali. If starch paste is 
heated to boiling under 2-3 atmospheres pressure a strongly dextro-rotatory solution 
(Md- +198°) is obtained, which gives a deep blue colour with iodine; the 
addition of alcohol causes the precipitation of the “soluble starch” as a white 
powder, which, however, will not again completely dissolve in cold water. 

Other ways of rendering starch soluble are: stirring starch powder with a 
solution of caustic soda, also by stirring with water and warming with malt 
(diastastic action), dil. H 2 S 0 4 , or bleaching powder. 

A recent patent (German Patent, 134,301) describes the manufacture of a 
soluble starch by mixing 100 kg. of starch flour with 3-5 kg. of ammonium per¬ 
sulphate and 150 1. of cold water, standing for ten hours, filtering and washing 
until free from persulphate, and drying. The nascent O from the persulphate 
[(NH 4 ) 2 S 2 O g +H 2 O«2(NH4).HS0 4 + 0 j acts on the starch and renders it soluble. 
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The product dissolves in hot water to a clear solution which solidifies on cooling 
to a jelly. Used in dressing textiles. 

Boiling with a volatile organic acid (formic or acetic, German Patents, 182,558 
and 137,330) also renders starch soluble. The acid may be easily distilled off, 
and neutralisation is unnecessary. 

Starch is also rendered soluble by treating it with Cl gas and then heating to 
ioo* (German Patents, 149,588 and 168,980), by treating with KMn 0 4 (German 
Patent, 156,148), by heating powdered starch to 62°-63° C. with HC 1 vapour 
(American Patent, 773,469), etc., etc. Ozone renders starch soluble. 

A starch which has the power of swelling up with cold water is made (German 
Patent, 157,896) by stirring between io°-3o° C. with 50-80 per cent, of methyl or 
ethyl alcohol, so as to make a thin milky liquid suspension of starch. To 100 
parts of the mixture 40 parts of caustic soda solution (30° Be.) are added, and then 
after some hours’ standing, acetic acid. The starch is pressed out of the wet 
alcoholic solution, dried and ground. Useful for dressing textiles and for manu¬ 
facturing adhesives. 

A similar starch is made by stirring starch with warm NaS 0 4 solution, adding 
Na 0 H + Na 2 S 0 4 solution, standing for ten minutes, pressing, drying and powdering 
(Germap Patent, 166,259). See also Dextrine. 

Bleaching Starch.—The practice of bleaching flour and starch has been declared by some 
authorities to be a highly deleterious one, while others assert that the custom is harmless. The 
process is carried out by exposing the starch or flour to the vapours of Nitrogen Peroxide. 

Uses of Starch. —Besides being used as a food, starch is used in the arts for 
a variety of purposes, most of these depending upon its capacity for gelatinising 
with water and forming a paste. Starch is used :— 

1. In laundry work for stiffening linen collars, shirts, etc. The gelatinised starch is applied in a 
thin layer over the article, and is converted by the passage of a hot iron into a shiny still layer of 
dextrine (which see). The starch glazes are made by adding borax, finely powdered stearic acid, 
or paraffin to potato starch, and give a shining silvery lustre. Potato starch is the cheapest 
variety of starch, and so is largely used for this purpose. Whc..t starch or, still better, rice starch 
(which can be used with cold water, thus avoiding the trouble of boiling with water necessary with 
potato starch) are superior to potato starch for laundry purposes, but are dearer. By mixing 
starch with azo-dyes coloured starches can be obtained, which wash white again. 

2. As an adhesive, much is used by the paperhanger, bookbinder, etc. Potato starch forms 
a poor adhesive ; wheat or maize starch are much superior for this purpose. “ Gloy ” is said to be 
a mixture of dextrine and starch with magnesium chloride (see Dextrine). 

3. Many mixtures of starch and dextrine are employed as thickening agents for colours and 
mordants in calico printing, etc. etc. The pastes must be free from acid and alkali. 

4. For sizing paper, a mixture of starch paste and rosin is used. 

5. Thin starch pastes are largely used for finishing and weighting calicoes, lace curtains, and 
cloths. Such pastes must be thin, and wheat starch is the best for the purpose, since it sinks into 
the fabric more thoroughly than potato or maize starch. The cloth is, after soaking in the paste, 
passed through hot rollers, and so finished with a fine glaze. 

6. Fine rice starch is used as a face powder. Fine starch is also used for dusting moulds in 
metal founding. 

7. As a thickening agent for sauces, puddings, etc. etc. 

8. Large quantities of starch are worked up into dextrine (or British gum), brewing and preserving 
sugars or dextrose, glucose, burnt sugar or caramel for colouring beer, etc. etc. 

9. In a non-isolated condition the starch of potatoes and grain serve as a food (bread, etc.), and 
as the source of alcohol in beer and spirits, all of which are manufactured from starchy material. 

Estimation of Starch, Testing Starch.—The amount of starch in grain and potatoes is 
determined by hydrolysing the starch completely into dextrose with very dilute HC 1 . The starch- 
containing material in a finely divided condition is first heated in an autoclave at 3 atmospheres with 
water, or diastase is added. The starch is thus dissolved in the water, the cellulose and fibres 
remaining behind and are separated by filtration. The clear filtered starch solution is now converted 
into dextrose (by heating with dil. HOI), which is estimated in the usual way with Fehling’s solution. 
100 parts of dextrose are obtained from 92-93 parts of starch (theory=90). 

Qualitatively the presence of starch may be detected by the blue colour it gives with iodine. 

A microscopic examination (see p. 176) determines the nature of the starch (rice, potato, 
wheat, etc.,) and whether adulterated. Good starch should not contain more than 20 per cent, 
water, which is estimated by heating 10 g. starch to 40°-50® C. (not higher) for one hour, then tc 
iao* C. for four hours, cooling in desiccator, a^d weighing. 
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Acids, if present in the starch, are estimated (Saare) by stirring 25 g. starch with 30 c.c. II 2 0 to 
form a thick paste, and titrating the paste with NaOIJ until a drop of the solution placed on a 
folded filter paper is not coloured red with litmus; a control experiment is necessary, using neutral 
starch. 100 g. of a slightly acid starch require 5 c.c. — NaOII. The starch is acid if it requires 
N 

8 c.c. ~~ NaOH, and strongly acid if more than 8 c.c. are required for neutralisation. 

The adhesive power cf the staich is determined (Scheil) by mixing 4 g. with 50 c.c. water, and 
boiling over a Bunsen burner until the paste is transparent and begins to froth. The burner is 
removed and paste well stirred. The heating must not last for more than one minute. 4 g. in 50 c.c. 
of H a O of a normal starch sets, on cooling, to a paste which cannot be poured out of the^ dish. 

Impurities may be estimated in the ash of the starch, or in the residues left after dissolving out 
the starch. Starch is easily brought into solution by warming at 65° C. for two hours with a normal 
malt solution (100 g. malt in I litre water). 


DEXTRINE, BRITISH GUM, STARCH GUM 

When starch is heated to iSo^oo 0 C. for a short time, or when moist starch 
paste is heated with a trace of acid, best with HC 1 or some other easily volatile 
acid, it is converted into a thick gum-like mass, possessing powerful adhesive 
properties, and which is in consequence largely used as a substitute for the expensive 
gum-arabic. 

Dextrine is not such a powerful adhesive as gum-arabic, and papers covered with 
it easily become moist in wet weather, but it is far less expensive, and consequently 
is much used as the gum for paper labels, stamps, envelopes, etc. It has the 
advantage over starch as an adhesive that it dissolves in cold water and need not 
be boiled. Mixtures of dextrine and starch paste are on the market as adhesive* 
(“Gloy ” is said to be such a mixture with magnesium chloride) and as a thickening 
agent in colour printing. 

Dextrine is prepared from starch in two ways :— 

1. The Acid Process. —This is steadily gaining ground; it consists in taking 
the damp “green” starch, fresh from sedimentation, and mixing with it o.2-0.4 per 
cent, of concentrated hydrochloric or nitric acid and heating in open pans in a 
closed chamber heated to 150° C. The acids volatilise and the dextrine is left as 
a yellowish glassy mass, which usually contains a small amount of starchy matter 
insoluble in water, and a small percentage of dextrose. 

2. The Roasting Process. —The starch is heated without acids in rotating 
cylinders to a temperature of i8o°-2oo° C., the starch being fed in at one end and 
removed as dextrine at the other. In Lehmann’s process the starch is placed in 
closed vessels provided with powerful 6tirring apparatus and heated at the bottom 
by superheated steam to the necessary temperature. It yields a better product 
than the rotating cylinder method. 

“Crystallised British gum,” “crystallised gum,” etc., is simply dextrine which 
has been decolourised with animal charcoal and evaporated down until on cooling 
it gives a light coloured brittle mass, similar to dried gum-arabic. 

Statistics.— In 1910, about 92,000 cwt of dextrine, of value ^63,000, were imported into 
England, and 3,800 cwt, of value ^3,200, were exported. The United States in 1910 imported 
6,392,000 lbs. (value, $197,000). 

Shoemakers’ Paste (see p. 180) is also a dextrine. See also under Glue. 
Gums. 

For the manufacture of Starch Syrups, starch sugar, glucose or dextrose, 
see tinder Glucose. 



BAKING POWDERS 

By Geoffrey Martin, D.Sc., Ph.D., F.I.C. 


Baking Powders may be defined as any powders used as a substitute for 
yeast in making bread or pastry. 

Yeast acts by evolving carbon dioxide gas, which renders the bread spongy, the 
gas being liberated as a result of the vital processes of the yeast cell. 

Baking powders also act by evolving carbon dioxide, but this is liberated by 
the chemical action of an acid on a carbonate. 


Composition. —The best baking powders are made from a mixture of tartaric 
acid, cream of tartar, and sodium bicarbonate, together with a diluent such as 
starch or flour. 

The following is a typical baking powder of this type :— 


Tartaric acid 
Cream of tartar 
Sodium bicarbonate - 
Rice flour 


6.25 per cent. 
18.75 

25.00 „ 

so.oo 


It is a great advantage for the carbon dioxide to be liberated slowly, because a dough can then 
be kept some time before baking. This is achieved by adding cream of tartar to the baking powder, 
because it is only slightly soluble in cold water, but readily soluble in hot, whereas tartaric acid is 
readily soluble both in cold and hot water. Hence, when mixed cold into the dough the moisture 
causes the evolution of a certain amount of gas by the action of the free tartaric acid on the 
carbonate. When the dough begins to be baked, and becomes hot, a second slow evolution of gas 
occurs owing to the cream of tartar now dissolving in the hot water present, and acting further on 
the sodium bicarbonate. Also this mixture of substances does not darken the bread. 


The addition of tartaric acid is not 
contains:— 

Cream of tartar - 
Sodium bicarbonate 
Maize starch 


essential; e.g . 9 Crampton’s powder 
50 per cent. 

25 

25 „ 


100 

Very often, however, the cream of tartar is left out as in the following typical 
baking powders. Also the sodium bicarbonate is sometimes replaced by sodium 
carbonate or magnesium carbonate, and occasionally (for very light pastries) by 
ammonium carbonate:— 




1. 

2. 

3 - 

4 * 

5 - 

6. 

Tartaric acid 


65 

28 

25 

25 

17-5 

10 

Sodium bicarbonate 


25 

32 

25 

25 

10 

Sodium carbonate 

■ i 

27.5 


Magnesium carbonate - 

1 

... 

12 

... 

... 

... 

Farina (potato flour) - 


*5 

28 

... 

... 

55-0 

80 

Mice flour - 


... 

SO 

... 

... 

Maize starch 


... 

... 


50 

... 

... 
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I11 many baking powders the tartaric acid is replaced by acid salts, such as acid 
ammonium phosphate, acid potassium and calcium phosphates, and 
acid potassium sulphate. These substances, however, tend to darken the 
bread. 


Examples of such baking powders are :— 


Acid calcium phosphate 

- 10 

Cream of tartar - 

• 25 

Sodium bicarbonate - 

• 25 

Com flour - 

- 40 


100 


3. Acid potassium sulphate 
Sodium bicarbonate 
Corn flour 


Acid sodium phosphate 

• 20 

Acid calcium 

• 20 

Sodium bicarbonate • 

• 25 

Starch .... 

• 35 


100 


• 60 

• 20 
. 20 


Horsford’s Powder consists of two packets : (1) acid calcium phosphate and acid magnesium 
phosphate mixed with flour ; (2 ) sodium bicarbonate, with a little potassium chloride. 

Occasionally the starchy dilute is replaced by powdered milk, which is 
stated (Hooker) to have a better leavening power and be more nutritious. 

54 parts milk powder, 20 parts tartaric acid, and I part water are recommended. See Joum. 
S* 4 . Chem. 2 nd., 1908, Vol. 27. 

Self-Raising* Flours are simply flours ready mixed with baking powder 
for use. 

One well-known brand consists of J lb. sodium bicarbonate and i£ lbs. cream of tartar, mixed 
with 112 lbs. flour 

Sometimes a little tartaric acid is added. 


Manufacture of Baking Powders. —The materials are thoroughly dried, 
then mixed in special mixers, and the whole then passed through a fine sieve, and 
kept in air-tight packages in a dry place. 

The presence of moisture causes the acid to act on the carbonate, and thus causes the powder to 
deteriorate. So long as the powder is kept perfectly dry no marked action can take place. 

Analysis of Baking Powders.— Baking powders should be tested for alum and other 
injurious ingiedients which render discolourised flour white, but indigestible. Arsenic, lead, etc., 
are also to be looked for. The amount of carbon dioxide evolved by action of acid, or on heating, 
may also be estimated in order to see whether the powder has deterior ited. A baking powdev 
shoild evolve at least twenty times its volume of carbon dioxide. 
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THE CELLULOSE INDUSTRY 

By A. J. Carrier, B.Sc., and G. Martin, Ph.D., D.Sc. 

I.—CELLULOSE, (C 6 H 10 O 6 ) a 
LITERATURE 

See also under “Paper-Making,” “Celluloid,” “Artificial Silk.” 

Aiticle on “Cellulose” (Dr Fiankland Armstrong) in Allen’s “Commercial Organic 
Analysis,” vol. i., 1909, third edition, where analytical methods are discussed. 

J, Bkrsch (Translated by W. T. Brannt). —“Cellulose, Cellulose Products, and 
Artificial Rubber.” Philadelphia and London, 1904. 

Cross and Bevan. —“ Researches on Cellulose.” 1895-1900, 1900-1905. London. 

,, ,, “ Cellulose.” London, 1S95. 

,, ,, “Wood Pulp.” London, 1911. 

Schwalbe. —“Chemie der Cellulose.” 

C. Piest.— “ Die Zellulose.” Stuttgart, 1910. 

Max Schubert. —“ Die Cellulosefabrikation.” Beilin, 1906. 

B. M. Margosches. —“ Uber die Viscose.” Lcipzig-Golilis, 1906. 

Max Schubert. —“ Die Holzstoff oder IIolzschiff-Fabrikation.” 2nd Edition. Berlin, 
1909. 

O. Dammer. —“Chemische Tecbnologie der Neuzeit.” Articles on “Cellulose,” 
“ Celluloid,” “ Artificial Silk,” etc. Stuttgart, 1911. 

E. C. Worden. —“Nitrocellulose Industry.” 2 vols. London, 1911. 

Cellulose forms the basis of the solid framework of plants, and is the most 
widely-distributed carbohydrate of the vegetable kingdom. It occurs nearly pure 
in cotton, linen, and in the pith of many plants. Cellulose forms the raw product 
for the manufacture of paper, nitro-cellulose (gun-cotton), celluloid, artificial silk, 
and similar products. 

Cellulose is obtained very largely from wood, grasses, and, in small part, from 
straw. Among plants which are largely cultivated as sources for cellulose may be 
mentioned cotton, flax, hemp, jute, esparto, China grass or ramie, etc. 

The formula for cellulose is (C 6 H 10 O 6 ) n . The molecular weight is unknown, 
but is undoubtedly very high. 

Cellulose is more stable than starch. When air-dried, it contains 6-12 per cent, 
of water, which is driven off at ioo° C., but is re-absorbed on exposure to air. 
Several cellulose hydrates exist, which give an indigo-blue coloration with iodine 
in aqueous solution. Treated with dil. HN0 8 or chromic acid, cellulose is oxidised 
to an oxyceilulose; concentrated HN0 8 , however, nitrates it. (See Gun-Cotton, 
Collodion, etc.) Prolonged boiling with dilute acids converts cellulose into 
hydrocellulose, (C 6 H 10 O 6 )n.H 2 O, which is distinguished from cellulose by containing 
free carbonyl groups, and the greater reactivity of its OH groups. 

The acetyl compound, C 12 H 14 0 4 ( 0 .C 0 .CH 8 ) fl , an amorphous mass soluble in 
CHC 1 8 , is produced by heating cdlulose with acetic anhydride to 180° C. 

Concentrated sulphuric acid causes cellulose to swell up and dissolve to a 
paste-like compound called amyloid, which is precipitated by water. If the 
solution be greatly diluted and heated to 120° C., an almost quantitative yield 
of dextrose is produced. This when fermented yields alcohol—one of the suggested 
methods of obtaining alcohol from wood. 

The enormous magnitude of the cellulose industry (including wood and timber, paper, wood 
fibre, celluloid, etc.), may be gauged from the following statistics:— 
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Imported into the United Kingdom. 



1906. 

1910. 

Value in 191a 

Wood and timber. 

Furniture woods, hard woods 

Manufactured wood. 

Paper. 

Paper-making materials 

Celluloid ware - ... 

Artificial silk. 

10,080,000 loads 
279,000 tons 

452,000 tons 
834,000 „ 

9,820,000 loads 
270,000 tons 

548,000 tons 
1,085,000 „ 

£24,350,000 

1,870,000 

2,340,000 

6,410,000 

4,970,000 

450,000 

40,000 

Total value .... 

... 

... 

^■40,430,000 


Exported from the Uniied Kingdom. 



1906. 

1910. 

Value in 1910. 

Wood, timber, and manufactured wood 

Paper. 

Paper-making materials 

Xylonite and celluloid ware - 

Artificial silk. 

71,000 tons 
112,957 „ 

144,000 tons 
165,217 „ 

£1,960,000 

3,120,000 

744,000 

167,000 

196,000 

Total value .... 

... 

... 

£6,187,000 


The magnitude of the United States cellulose industry is shown by the following figures :— 



Import, 1910. 

Extort, 1910. 

Wood, and manufactures of .... 

,, unmanu f actured - .... 

Paper, and manufactures of - - 

$54,422,000 

51,221,000 

17,536,000 

| $78,814,000 
16,083,000 


For details , see under special articles. For linen, cotton, jute, etc., see under Textile Fibres. 

Estimation and Valuation of Cellulose. 

1. The percentage of cellulose in a sample is best determined by Cross and Bevan’s chlorination 

process (Ttans . Chew. Soc., 1889, 55, 199). 5 g. of the fibre dried at ioo° are boiled for half an 

hour with I per cent. NaOH, washed and squeezed to remove NaOH and water, placed in a beaker 
and subjected to a slow stream of chlorine. The non-cellulose portions (lignin, etc.) form soluble 
chlorinated products. After thirty to sixty minutes* exposure tne product is washed, heated to 
boiling with a 2 per cent, sodium sulphite solution, 0.2 per cent. NaOH added, boiled for five 
minutes, filtered, washed, and dried at ioo° C. For other methods see Allen’s “Commercial 
Analysis,” vol. iii. (1909 ed.). 

2. The “copper” value is determined by boiling 3 g. of the cellulose with 200 c.c. H «0 
and 100 c.c. Fenling’s solution. The weight of metallic copper calculated on 100 parts of dry 
cellulose represents the copper value. Hydrocellulose gives 2 to 8.8, oxycelluloses give 7.6 to 35. 
The copper value gives the number of free carbonyl groups in cellulose, and hence is a measure of 
its stability. Those sorts of maximum resistance contain no free carbonyl groups (copper value=0). 
The oxycelluloses are less resistant to hydrolysis, and hence are less stable and more perishable than 
normal cellulose. 

3. The “ash” and “moisture” in cellulose are determined by the usual chemical methods. 

Cellulose Solutions 

Cellulose is insoluble in water and simple solvents. Certain metallic salts, 
however, cause it to combine with water, passing through the condition of gelatinous 
hydrates into a homogeneous viscous solution. 
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(a) Zinc Chloride Solution in Water.— 1 part of cellulose is digested 
in a solution of 4-6 parts ZnCl 2 in 6-10 parts water, at a temperature of 6o°-ioo* C. 
A homogeneous syrup results, which is employed for making lamp filaments by 
squirting through a fine orifice into water or alcohol. The precipitated hydrated 
celiulose-zinc-oxide is treated with dil. HC 1 and well washed. 

Vulcanised Fibre for making valve discs, etc., is made by treating sheets of 
paper with ZnCl 2 solution, and subjecting the gelatinised sheet to pressure (see 
under Paper). 

Zinc chloride dissolved in HCl (40 per cent.) dissolves cellulose in the cold, 
but on keeping the solution hydrolyses. 

(b) A Solution of Cuprous Hydroxide in Concentrated Ammonia 

(cuprammonium solution) gradually gelatinises and dissolves cellulose. The 
cellulose may be recovered unchanged as a white flocculent precipitate by acidi* 
fying with dil. HCl or H 2 S 0 4 . 

This property is used in the manufacture of “ Willesden ” fabrics. Vegetable 
textiles are passed through a bath of cuprammonium hydroxide, and thus are 
coated with a film of gelatinised cellulose containing copper oxide, hence the well- 
known green colour (see under Paper). 

(c) Viscose or Cellulose Thiocarbonate or Xanthate Solution.— 

Bleached cotton, etc., is treated with excess of a 15 per cent, solution of NaOH, 
squeezed until it retains three times its weight of solution. The soda cellulose 
obtained is treated in a closed revolving barrel at a temperature of about 15 0 C., 
with CS 2 , in quantity about 40 per cent, of the weight of the cotton. After about 
three hours the mass is covered with water, and allowed to stand. On stirring, a crude 
solution is obtained, from which pure viscose may be made by treatment with 
brine or with alcohol. 

The above reaction may be represented by the typical equation 

✓OX 

X.ONa + CS a = CS.< 

X SNa 

Cellulose 

xanthate. 

where X represents the cellulose residue, C 12 H ]9 O 0 , or C 6 H 0 O 4 . The process is 
patented by Cross and Bevan (English Patent, No. 8,700, a.d. 1892). 

Viscose is reconverted into cellulose (1) spontaneously, on long standing; 
(2) by heating; (3) by treatment with oxidising agents. This property is taken 
advantage of in the production of artificial silk or lustra-cellulose (which see), in 
sizes for paper pulp, for surfacing and finishing paper, and for cloth yarns, for 
making photographic films, and for agglomerating various filling materials, and 
finally, in making vehicles for paints. See also Artificial Silk, the Viscose 
Process. 

( d) Cellulose is also dissolved by heating at 180° C. with 7 parts of acetic 
anhydride, the triacetate, C 6 H 7 (C 2 H 8 0 2 ) 8 0 2 , being produced. The cellulose 
acetates have now important uses. See under Cellulose Esters. 
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II.— WOOD AND TIMBER PRESERVATION, Etc. 
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The chemical constitution of wood has been dealt with under Cellulose. For 
statistics regarding timber, see p. 188. 

Treatment of Timber 

Timber is very liable to decay, and thus it is that all timber used for construc¬ 
tional engineering is specially treated. 

(a) Impregnating. —Timber to be used for railway sleepers, telegraph poles, 
etc., is impregnated with antiseptic chemicals, such as creosote oil, zinc chloride, 
copper sulphate, etc. The wood is dried by stacking for some months; then it is 
placed on iron bogie frames which are run upon rails into a very strong horizontal 
iron boiler (say 30-60 ft. long by 6-7 ft. in diameter), which is then closed by a 
cover. The air is exhausted up to £ atmosphere so as to remove air from the 
wood pores, otherwise the air contained in them would resist the entrance of the 
oil. Next creosote oil * is run in, deeply penetrating into the pores of the wood 
until the latter is saturated, then a force pump forces more oil into the cylinder until 
a pressure of 8-10 atmospheres is attained, the pressure being maintained for several 
hours. The wood absorbs about 1 gallon of oil per cubic foot. This creosoting 
process is almost exclusively used for telegraph poles, railway sleepers, and piles. 
Sometimes impregnation is carried out with zinc chloride solution, less often with 
copper sulphate solution, and now very rarely (on account of expense) with mercuric 
chloride. Other chemicals used are aluminium sulphate, sodium aluminate, ferrous 
sulphate, sulphate and borate of ammonium, sodium fluoride, etc. etc. 

One of the chief difficulties of creosoting is the presence of moisture in the 
wood, which impedes the entrance of the oil, because oil and water will not mix. 
This is the reason why timber after cutting must be “stacked,” or air dried, for 
some months. Vohl proposes to treat green timber by adding enough caustic soda 
to the creosote to make it miscible with water, impregnating the timber, and 
“fixing” the creosote with dilute ferrous sulphate. Other attempts consist in 
making the oils soluble in, or emulsionable with water by sulphonation, by adding 
soap (0.5 per cent.), zinc chloride, etc. (See German Patents, 139,441, 152,179, 
n8,ior, 150,100.) 

The disadvantage of creosoted wood is its great inflammability and smell. 
Impregnation with metallic salts renders wood almost non-inflammable. Boiling 
wood with sugar solution for some hours, and drying on hearths, protects wood 
against mildew and rot, and increases its strength. 

(£) Metallisation. —Here the wood is impregnated successively with two 
solutions of salt, which combine in the fibres, forming an insoluble precipitate, e.g. t 
the wood is soaked with a soluble copper or zinc salt, and then impregnated with a 
solution of a resin salt. Insoluble copper or zinc resinates are deposited in the 
fibres. Similar solutions are: Calcium chloride followed by water glass (Na 
silicate); calcium chloride + Na^SO*; barium sulphide 4 - FeS 0 4 , etc. etc. 

# Creosote oil is a coal-tar fraction, of sp. gr. 1.09 at 20° C., distilling between 2io°-355* C. It 
should contain little free carbon. 
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Gautsche (German Patent, 152,006) renders wood “fireproof” by removing 
air in vacuo> and then impregnating under pressure with ammonium sulphate and 
borate at 50° C. Such wood will only char to a depth of 1 cm., and will not 
spread fire. 

Hasselmann impregnates wood under pressure with boiling solutions of iron 
and copper salts. Wood is also made fireproof (superficially) by painting with 
sodium silicate. 

{c) Surface-Charring Wood. —This is an old process, and consists in 
scorching the surface of the wood with blowpipe flames, and rubbing off the charcoal 
produced, thus giving a smooth, hard, brown surface, very resistant to moisture and 
rot. It does not protect the interior parts of wood from dry rot should these be 
infected before carbonisation. The heating of the wood on the surface causes 
it to be impregnated with tarry matters, and this explains the preserving effect. 

(d) Drying Wood. —Wood is always “ seasoned ” or air dried for a consider¬ 
able time—sometimes two to three years—before being used, by the simple process 
of stacking under a shed so that air has full access around and between the 
planks. Imperfectly dried timber will not only easily warp, but is very susceptible 
to dry rot, mildew, etc. Sometimes, after stacking, the wood is dried in a stream 
of hot air at 3o°-i5o° C., the wood being placed in large heated chambers for the 
purpose, and the heating being carried out very gradually, otherwise the wood will 
split or warp. The dried wood is usually brushed over with tar, linseed oil, 
paint, etc. “Green timber” contains 40-60 per cent, water, but “air-dry” timber 
10-12 per cent. When the moisture content falls below 10 per cent, wood-destroying 
fungus cannot develop. 

(e) The sap of the tree, containing albuminous matter, sugars, etc., easily 
becomes decomposed and sets up putrefaction, and nourishes insects, etc. The 
tendency is lessened by withdrawing the sap, (a) by soaking in water, ( b ) better by 
steaming in enclosed iron apparatus with steam pressure, or simply (but less 
satisfactory) by sixty to seventy-two hours’ steaming in wooden vessels. 

Making Wood Non-Inflammable. —The following means are in use:— 

(1) Painting with water-glass solution; this is probably the best material; 

(2) impregnating with alum followed by lime, cr impregnating with sodium or 
potassium carbonate, followed by an alum solution; (3) other impregnating solutions, 
especially for fire-protection, are copper sulphate, zinc chloride, ammonium sulphate 
and gypsum, borax and magnesium sulphate. See under Metallisation above. 
For methods of making fabrics non-inflammable see Section XVII., Part III., Textile 
Fibre Industry, p. 527. 
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III.—WOOD PULP FOR PAPER 

LITERATURE 

Cross and Bfvan. —'‘Wood Pulp.** London, 1911, 

Max Schubert. —“Die Holzstoffoder Holzschiff-Fabrikation.*’ 2nd Ed. Berlin, 1909. 

,, “ Die Cellulosefabrikation.” Berlin, 1906. 
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See also the general works mentioned under Cellulose, p. 187. 

Mechanical Wood Pulp for Paper 

The wood blocks, after a preliminary steaming, are pressed against a revolving 
grindstone, which reduces the material to a fine condition, but not to a powdery 
form. The disintegrated fibre is pressed against a wire screen, which allows the 
finer particles to pass through, retaining the coarser particles for further treatment. 
Voelter’s wood-pulping apparatus is shown in Fig. 70. 

a is the pulping apparatus, with the vat k in which the revolving grindstone s is 
placed. The blocks of wood are forced against the circumference of the revolving 
stone by the arms pp . Water is introduced at g, and the revolving stone carries 
the pulp against the screen e, which admits the passage of the finer particles of the 
wood, while the coarser particles pass away through an oscillating basket placed 
in the trough into the refining cylinder b, which retains the coarser particles; thence 
it passes through the distributing apparatus and hopper c to the refining cylinder d. 
The refining cylinders are covered with fine gauze wire sieves. The ground material 
which fails to pass through the sieves, is ground up by millstones e, the united 
pulp being mixed in the tank f, and passed successively from the circumference 
into the sieving cylinders G, h, and 1, thereby removing all coarse particles from the 
pulp; the rejected coarse particles are ground down by grinding stones and 
sieved again. 

Mechanical wood pulp is only used for making inferior grades of paper, such as 
news and wrapping, because such paper is difficult to bleach white, and on exposure 
to sunlight, or on keeping, turns yellow. 

The presence of mechanical wood in paper can be easily detected, since such 
paper gives a purple stain when moistened with a mixture of phloroglucin and 
hydrochloric acid, while a solution of aniline hydrochloride colours it deep yellow. 

The colouring is due to the encrusting matter, the lignin, which surrounds the 
cellulose fibres of the wood, and forms about 30 per cent, of the wood, the rest 
being cellulose (60-70 per cent.), resin, and similar products. 

Statistics. —The United Kingdom in 1910 imported 8,500 tons of dry and 480,700 tons of wet 
mechanical wood pulp, of total value ;£ 1,160,000. 311,000 tons were obtained from Scandinavia. 
The United States in 1909 imported 109,000 tons of mechanical wood, value, $2,058,000. 


Chemical Wood Pulp (Pure Cellulose) 

As mentioned above, ordinary wood fibres do not consist of pure cellulose, 
but are encrusted with lignin, xylan, and other complex substances, which cement 
the cells together into a stiff mass. Ordinary wood contains only about 60-70 per 
cent, of cellulose, the rest consisting of encrusting substances, resins, etc., all of 
which must be removed by chemicals before such cellulose can be used for making 
the better qualities of paper, as the paper otherwise turns yellow and is weak. 
The encrustations are removed by several methods. 

The Sulphite Process. —This is principally used in Scandinavia and 
Germany, about 560,000 tons of cellulose being yearly manufactured by the 
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Fig. 70.—Voelter’s Wood Pulping Machine, 
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process (Z. angew . Ck.> 1907, 610). It was patented in 1866 by Tilghman, 
and worked on the large scale by Ekman and Mitscherlich. 

The wood—usually pine—has the bark removed, and is then cut by rotating 
knives into thin slices about 1 mm. thick. The wood is then (usually) steamed, 
and the brown waste water run away; next it is introduced into large boilers 
(12 yds. long x 4 yds. diameter) and heated for several hours with a solution of 
calcium bisulphite, which is produced as follows (Mitscherlich):— 

Iron pyrites, FeS 2 , is roasted in furnaces similar to those used in the manufacture 
of sulphuric acid. The gases, rich in sulphur dioxide, which pass away up the 
flues, are led in at the base of a tall tower, which is from 30-90 ft. high and 
about 6 ft. in diameter: the tower is filled with chalk or limestones, which rest 
on a series of gratings placed at intervals up the tower. A stream of water trickles 
over the limestones, entering at the top of the tower and escaping at the base. 

The sulphur dioxide in the ascending gas is absorbed by the water to form 
a solution of sulphurous acid; the acid solution then attacks the limestone, 
forming a solution of calcium bisulphite. Often the gases are allowed to pass 
through several such towers in succession, until a sulphite solution of requisite 
strength is obtained. The solution used for boiling should have a density of 
4**5° B£., and contain 30 g. sulphurous acid (as determined by iodine solution) 
per litre, 25-33 P er cent, of the sulphurous acid being united to calcium in the 
form of calcium sulphite. The solution also contains some calcium sulphate, 
owing to the oxidation of sulphurous acid. Each cubic foot of wood requires 
about 1 \ cub. ft. of sulphite solution. 

Since the sulphurous acid rapidly attacks the iron of the boiler, the latter must 
be protected on the inside against the corrosive solution. This was formerly 
achieved by an internal coating of lead. This, however, has now been abandoned 
in favour of a layer of acid-resisting tiles embedded in cement, the joins being 
luted with a mixture of lead oxide and glycerol (100 PbO : 12 glycerol), or with a 
mixture of Chamotte powder, cement, and water glass. If the iron is not protected 
the corrosion is such that explosions of the boiler may occur. 

The boiler is heated by indirect steam (steam coils) to a temperature of 
H5*-i2o° C., under a pressure of 2J-4 atmospheres. The wood is heated for 
twenty-four to forty-eight hours. Ritter-Kellner heats to i4o°-i5o° C. with free 
steam for eight to sixteen hours under 4-6 atmospheres. This process is much 
quicker, but yields a softer and weaker cellulose than that obtained by Mitscherlich’s 
process. 

Occasionally small rotating boilers are used in order to ensure thorough mixing; 
sometimes two or more boilers are united together to form a system, with the 
object of utilising the lye twice. When the process of boiling is finished—which is 
determined by withdrawing a sample of the sulphite liquor and estimating the 
S 0 2 in it, the percentage of which greatly diminishes owing to its absorption by the 
wood—the boiler is blown, the escaping S 0 2 being led into the sulphite towers. 
Next the brown solution is run off, and the cellulose washed once with water in 
the boiler. The wood by this treatment has been resolved into a mass of cellulose 
fibres, which can be pressed easily into a paste. All the encrusting substances have 
been dissolved and passed away with the sulphite solution. 

The exact nature of the changes which take place are not thoroughly understood, being, 
doubtless, of a very complex nature. According to Klein {Papierzcitung> 1906, 167), the calcium 
salt of ligninsulphonic acid, CjaH^OpSCa, is produced. According to Klason , lignin has a 
constitution similar to a glucosiae, being formed by the combination of aromatic substances and 
sugars or cellulose: it contains the oxypropylene group, CH=CH.CH 2 OH, as well as aldehyde, 
methoxy and hydroxy groups. During the process of boiling the sulphite unites thus:— 

==C =CH 

Jj + II 2 SO* = I 
*=C =C.SO a lI* 

In the compound thus produced the SO % is so firmly fixed that it does not exert reducing 
properties, and does not affect iodine, nor is it liberated by H 2 S 0 4 . The sulphite solution also 
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contains various sugars, such as dextrose from cellulose, xylose, C 5 ir l0 O^, from xylan, tannic acid, 
resins, proteids, acetic acid, etc. 

The cellulose fibres in the boiler must now be carefully freed from twigs, 
unacted-on wood, knots, dirt, etc., which otherwise would form black specks in 
the paper. For this purpose it is crushed in special machines, and pulped in 
Hollanders, the pulp being finally purified from dirt, splinters, etc., by a careful 
si eving process, the residues being ground up and worked again. Finally the 
refined wood cellulose is poured on _ £<?_ £ wire cloth^ as in paj^gr-making^ and 
obtained in the form of thick sheets; it is cjriedon Hot rollers and sent to the .paper 
mills as “ Half-stuff.” The substance is almost white* but For making thebest 
sorts of white paper it is bleached with chloride of lime and acid, or by electrolytic 
processes, as is described under Paper. This treatment destroys any residuanigriih 
which may still remain in the cellulose pulp, ioo parts by weight of wood yield 
40-45 parts by weight of cellulose, the rest going into solution. 

Treatment of the Waste Sulphite Lye. —We have just mentioned that ovei 50 per cent, of 
the weight of the wood goes into solution in the sulphite lye in the form of the calcium salt of lignin- 
sulphomc acid, (C 18 II 10 O 8 SCa), the acid being a gummy body. The l>e also contains important 
quantities of dextrose (from the cellulose), xylose, C fl lI 10 O B , resins, acetic acid, tannins, and gummy 
matters. It is usually neutralised and filtered from fibies and allowed to run to waste into the rivers, 
thereby greatly polluting them. Great efforts have been made to find an industrial use for these 
liquors, the adequate, harmless disposal being an important industrial problem of the present day, 
and one which is causing increasing anxiety to the large cellulose factories. 

In Sweden, the lye is neutralised, and the sugars fermented and worked for industrial alcohol 
(p. 294). 

In several factories the lye is concentrated, when a gummy liquor is obtained which is used as 
a sizing and finishing agent. The residues forming the black “Cellulose Pilch” have been used 
for briquettes. By special methods extracts are obtained which are useful m leather manufacture. 
(See German Patents, Nos. 75 * 35 ** 183,415, 194,872, 86,651, 93,944, 93 > 945 > 122,489). The 
lignosulphite m solution has been used in medicine as a cure for consumption. 

The Soda Process. —This process is principally cairied on m America, 
where over 75 per cent, of the cellulose is manufactured by this process. On 
account of its high cost compared with the sulphite process, and of the evil¬ 
smelling gases evolved, the process is only employed to a very limited extent in 
Europe, principally for straw, as the silica encrustations cause difficulties in working 
it by the sulphite method. Thg w oody dried and cut ug as in the sulphite process, 
is placed in gas-heated boilers andJxeated with causti c soda* solution of 1 2 
uTrder"a “pressure^^ofbTo atmospheres. T h e~ca u s tTc~ socla dissohes the lignin^ Tesin, 
etc. etc., srftd to some extent attacks the cellulose itself, so that the action is more 
deep-seated, and the yield less, than in the case of the sulphite process. The 
s oda solution becomes almost black.—If straw is to be treated, it is cut up, aricT 
heated to 3-5 atmospheres, with a somewhat weaker soda solution than is used for 
wood. 

In either case the cellulose must be carefully washed, resolved into fibres, and 
bleached before it can be incorporated into fine paper. 

The soda lye must be regenerated. It is evaporated in vacuo and then calcined, whereby the 
organic matter is destroyed. The sodium carbonate is extracted by lixiviation with water and is 
causticised by lime. 

In each operation about 10-12 per cent, of soda is lost. The loss is made good by sodium sulphate 
carbonate. 

The “ sulphate” process is a modification of the soda process, sodium sulphate being the 
exclusive source of the alkali; this is reduced to Na^S in evaporating and igniting the lye from 
the boiled wood. The evil-smelling gases evolved (mercaptans, etc.) are a great objection to the 
process. 

Recently an increased demand has been made for a white “half-stuff” intermediate between 
mechanical wood pulp and cellulose; the Swedes meet this want by boiling the wood with an 
insufficient amount of soda for complete action. The product is used in making strong packing 
papers with a good “ rattle,” and is known as “ Kraft” papers. 

Cellulose may.Jb.fi. manufactured from the refuse fibres.jQf.ahe cotton seed which 
rejnain onTRejeed shells after the_cgttan..has.jiassed_ through, the gmitung mlH and 
which' 'are waste products in the process of cotton manufacture. Fats, oils, anil 
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resins are first extracted with naphtha, and the fibres are then boiled with caustic 
alkaline lye. (See German Patent, 134,263.) 

Kellner’s Electrolytic Process for preparing Cellulose depends upon 
the formation of caustic soda, free chlorine, and hypochlorous acid when an 
electric current of suitable strength is passed through brine. 

The boilers a and b, Fig. 71, are charged with wood through manholes i>, and then 
brine is run in until the level rises to the boiler c, as is shown by the water glass E. 
The temperature is brought to 262.4° F. (117 0 C.) by steam coils when the current 
is passed. The gases rise through the apparatus and pass into a condenser G. 
Every fifteen minutes or so the current is reversed so that alternately the pulp in 
either boiler is subjected to the action of NaOH and then to the action of Cl and 
HCIO. This process is becoming increasingly popular. (See the French Patent, 
326,313, and the American Patent, 773,941.) 

According to Biihler’s 
Process (German Patent, 
94,467) cellulose is also pre- 
n pared from wood by treating 
v it with tar oils containing 
phenols at a temperature over 
150° C. 

Bleaching Pulp ob¬ 
tained by the above 
described Alkaline or 
Sulphate Processes. — 

Bleaching powder is usually 
employed, although Na and 
magnesium hypochlorites are 
sometimes used, and also, as 
in the Hermite process, an 
oxidising solution obtained by 
electrolysing a solution of 
MgCl, or other chloride. 

Pure Cellulose may be obtained 
by boiling c otton, fla x, hemp, etc.. 
with a solution of NaOH of about 
i-'iywt cenIff strength, washing, ex¬ 
posing to the action of chlorine gas 

Fig. 71.—Kellner’s Electrolytic Process for preparing Hr bromille wa ‘ er at . the ordinary 

Cellulose from Wood. temperature, and again boiling with 

sodium hydrate, sulphate, or car- 
Ijonate. Fats and resinous products, 
produced as by-products during the halogen treatment, are extracted by means of alcohol and ether. 
The best filter papers are practically inure cellulose. . They arc treated with hydrofluoric acid to 
remote mTner&T ffiatter and reavrrtt iwdimum of ash. 

The Wood Cellulose obtained by the various processes above described 
consists of a soft mass of fine fibres (Fig. 73), each fibre being made up of an 
elongated cell somewhat resembling that of a cotton fibre, but much shorter 
(3-5 mm. long against 20-70 mm. for cotton). 

Fig. 72 shows wood cellulose fibres—1 and 2 representing cells magnified to 
different degrees, while 3 represents a section. It will be seen that the fibresare 
hollow, with pointed ends, and provided with a number of minute pores aj a, a 
running right through the cell walls. See 4, Fig. 72, for a section through a pore. 

Statistics.— In 1910 England imported 350,000 tons of dry and 20,000 tons of wet chemical 
wood pulp, of total value £2, 340,00a Of this, no less than 299,000 tons came from Scandinavia* 

The United States imported in 1909, 157,000 tors (value $6,600,000), and in 1910, 234,000 
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tons (value $9,200,000). The export was 9,200 tons (value $449,000) 
in 1909, and 7,900 tons (value $360,000) in 1910. 

# 

Wood-Cellulose Cloth and Yarn.— Attempts have frequently 
been made to spin the cellulose pulp into cloth, but the fibres have 
always proved too short. The nrm Altdamm near Stettin, however, 
appears to have solved the problem by forcing the pulp through 
narrow gutters, and then converting the narrow flat ribbons thus 
produced by a rolling motion into spinnable fibres. Ropes, cloth, 
and even clothes have been thus made from paper pulp. The dry 
cloth is fairly strong, but the wet is v ery weak. 

The yarns are placed on the market under the names si 1 valin, 
xylolin, licella fabrics, etc., and form a cheap substitute for cotton 
and flaxen yarns. (See German Patents, 136,371, 142,678, 149,444, 
159,418, 167,490.) 

Hydrocellulose, C 12 H 22 O n , is manufactured on the 
large scale because it yields a gun-cotton more readily 
exploded by concussion than ordinary gun-cotton. The 
process is as follows : Pure cotton is immersed for three 
or four minutes in a solution of 3 parts of concentrated 
H 2 S 0 4 or HCi in 97 parts of water. The cotton is freed 
from adhering liquor, dried, heated at a temperature of 
io4°-i 58° F- in stoneware vessels for three to ten hours, 
washed, and again dried. 

Another process (German Patent, 123,122) treats 
cellulose with a small amount of KC 10 8 and HCI, keeping 
the temperature at 6o°-jo n C. It forms a white powder, 



Fig. 72.—Cellulose Cells 
(Wood b ibres)—(1) Fibre; 
(2) the same enlarged ; (3) 
section of 2 ; (4) section of 
wall or cell through a pore; 
a, a , a, pores. 


not very sensitive to acids or alkalis, and so is used for making acid proof 
or alkali-proof articles. When the mixture is treated with S 2 C 1 2 , and the product 
poured into water, a sulphur-hydrocellulose is produced 
(German Patent, 137,206), which can be used for vul¬ 
canising rubber, both the cellulose and sulphur combining 
with the rubber. 

Oxycellulose, C 0 H 10 O tf or C rt H s O tJ , is obtained by 
the action of mild oxidising agents on cellulose, *.£*., 
by treating cotton with NaOH + dil. KMn 0 4 solution 

(—solution) or by boiling filter paper with two and 

a half times its weight of dil. HNO s (sp. gr., 1.3). 
Several kinds of oxycelluloses are known. They are 
used for obtaining a damask effect in the cotton 
industry. 

Hydrocellulose and oxycellulose both readily reduce 
Fehling’s solution, and are thus distinguished from 



Fig. 73.— Wood Cellulose normal cellulose. 
Fibres. 
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The Materials used consist of linen rags, esparto grass, wood pulp, 
mechanically powdered wood, etc. etc. The bulk of paper produced is made 
from wood and esparto. After the materials have been well boiled with soda 
or other cleansing chemical to free them from dirt and extraneoils matter, the 
crude product is next transferred to a cutting or pulping engine called a “Hollander.” 
It consists of a cast-iron trough a, Fig. 74, about 10 ft. long, 4J ft. wide, and 2\ ft. 
deep, rounded at the ends. It is provided with a partition called the midfeather 
bb, of such a length as to have the trough of uniform width round it. A cylinder 

or roll c, furnished with a series of 



Hollander, Ground Plan. 


steel knives, rotates in one of the 
divisions formed by the midfeather; 
the floor of the trough in this divi¬ 
sion is inclined in such a manner as 
to cause the pulp as it travels to pass 
under the roll. If the machine is to 
be used for cutting rags or similar 
material (not grass) a bedplate is 
placed beneath the roll; this is 
fitted with a series of steel knives 
similar to those on the exterior of 
the roll. The distance between the 



knives of the roll and the bedplate 
is regulated by levelling screws, so 
that the material may be cut to any 
required degree of fineness. The 
drum washer h is covered with fine 
wire gauze or cloth, and allows water 
to run away (or enter) without any 
df the pulp fibres passing out with it. 
. „ . , The object of the knives is not 

Hollander, Sectional View. go nmch t£) shorten the fibre8 fay 

(See also Fig. 244, p. 628.) cutting—as this would weaken the 

Fig. 74. result^g paper—but to draw theta 
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Apart and separate them. The material is worked in the hollander until cut up 
into the necessary fine state of division, when it is known as 11 Half-Stuff.” 

The half-stuff is run from the hollander into a mixing engine called the 
“potcher” or “poacher,” where it is agitated with the necessary quantity of 
bleaching liquor, chloride of lime and dil. HC 1 or H 2 S 0 4 being usually employed, 
although in recent years processes of electrolytic bleaching are coming into use. 

From the bleaching apparatus the half-stuff is now run into a “beating engine.” 
This is similar to the hollander previously described, but the^ knives of this 
engine are more numerous, and revolve more rapidly. This machine achieves 
the purpose of washing the half-stuff free from bleaching material and acid, and ( 
reducing the half-stuff to a slightly finer state of division necessary to make the * 
fibres “ feljL” (/>., intertwine) well together on the shaking wire of the paper 
machine. It also serves as a mixing engine for loading, sizing, and colouring 
the paper pulp before actually making it into paper. 

Before sizing* the last traces of chlorine are removed by treating the pulp with 
“antichlor.” For this purpose sodium thiosulphate is usually employed, which 
decomposes any bleaching powder still in the fibre, thus :— 

2 Ca(OCl ) 2 + Na 2 S 2 0 3 + 1I 2 0 = 2 CaS () 4 4- 2 lici 4- 2 NaC1. 

Bleat hmg Sodium Caluum Hjdroihloric Sodium 

powder thiosulphate sulphate. aud. chlonde. 

solution 

Sodium sulphite is now largely used for the same purpose:— 

Ca(OCl ) 2 4 - 2 Na 2 SOj = CaS0 4 4 - Na 2 S0 4 + 2 NaCl. 

Bleaching Sodium Calcium Sodium Sodium 

powder sulphite sulphate. sulphate. chloride, 

solution 

Although three times as much of sodium sulphite is required to produce the same effect as a 
given amount of sodium thiosulphate, yet the ^ulphitc^ is_preferred by paper-makers, as no free 
acid is for med, wh ich would corrode the wire of the" paper*maXing machipe. Hydrogen peroxide 
also produces excellent results, but is too costly. The presence of bleaching powder in the stuff 
is determined by testing with KI +starch solution. The chlorine sets free iodine, which colours 
the starch blue. Hence the addition of antichlor to the pulp is continued until the latter ceases to 
give a blue Stain with KI + starch solution. 

" Sizing.-j-U nsizcd pul p, as it comes from the bleaching ta nk. isl bibulousAnd 
if made into a paper jwilh the addition. of ji little starch as binding material^ forms 
whatTs lenown as “Plotting paper.” Such paper is very weak. Writing o r printing' 
paper must be “ sized ” sp that they acauireji watqr &n<Jjnk re s isting quality. ~ 

Engine Sizing (Rosin-alum-sizlng) is used for writing and wrapping" papers. 
When rosin—which is abietic acid, C 44 H 04 O 6 , or its anhydride—is heated with a 
solution of alkalies it rapidly dissolves, forming rosin soaps. 

C 44 I 4- Na 2 C0 3 = Na < 2 •+■ C0 2 4 * II 2 0. 

100 parts of rosin require 15-18 parts of sodium carbonate to form a “neutral” 
rosinate. Sometimes starch solution is added. The r osin .soap i$ upy added la. 
t he paper* 100 lbs , paper lequiring 3-4 \bs. of the original rosin, after thorough 

fixing a solution” of alum or aluminium sulphate “is ad&£&na this decomposes 
the sodium rosinate, the insoluble aTiTminium rosinate being precipitated thus;— 

SNaaC^IIfcA •+■ Al 2 (S0 4 ) 3 = 3^" Ta 2S0 4 4- Al 2 (C 44 II(j 2 05) 3 . 

Sodium Aluminium Sodium Aluminium 

rosinate. sulphate. sulphate. rosinate. 

100 parts rosin should, theoretically, require 23 lbs. of alum—as a matter of fact, 
over three times as much is used. The aluminium rosinate precipitated in the 
paper pulp was supposed to be the sizing agent, which makes the paper non¬ 
absorbing of ink. C. 11 rarer r onrliirteg thp effective sizing agents are fr ee 
^psitkacids (since paper extracted with ether loses its water-resisting properties with 
the removal of the free rosin acids), and the function of alum is to 

decompose the neutral rosinate of alumin a wTtKlib er ation of the free acid,Thus :~ 

AlgR* 4 * 2A1 8 (S0 4 ) 8 4' 3^2^ ~ 3RH$ + jA^OtSC^)* 

Free rosin Basic sulphate 
acid. of alumina. 
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R stands for C 44 H tf2 0 6 , the radicle of abietic acid, 

Among auxiliary agents used in .siting _may -be mentioned gifayeh. .alumina, 
soap, and cellulose hydrates. The latter constitutes viscose sizing (see under 
Visco&e), the viscose being added to the pulp, mixed, and decomposed by adding 
zinc or magnesium sulphate. The fibres thus beconie coated with a film pf 
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Mineral Filling and 
Loading Agents.— It is 

usual to add to the pulp 
a quantity of a cheap 
Min mineral loading material 

to make the paper more 
suitable for the particular 
purpose to which it is ap- 
| pbed. Kaolin or china 

111 clft y is the loadin g usually 

iS/VTteaflrJ/lfi employed in making 

news, printing, an d low- 
grade writing paper. The 
clay Ts added to the pulp 
aTter making into a cream 
with water. The addTfio tT 
oTClay series toTifl up the 
p orerot the papef/^ftgg 
a smoother surface and increasing its absorbent power foTWiftting inkV ana also 

...41 in - - ' ip ... .i r i-y. o Mf. ~ —- .» ~l hmmuomW nt m “** ***%! *v * s ««.(*! * 


gi ves a n fnriwvea^surlace m^lefidermgr " TTalso adds Vo the opacity or the ^iper* 
For the betteFcJuahlies or"wrfdrrgrpspets the“ materials used are calcium sulphate 
(“pearl hardening”), barium sulphate, barium chloride, and agullte, a fibrous-like 
mineral like asbestos. ~ 
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gelatinous cellulose, 
which exerts a p owerfu l 
cementing action In matin g 
and drying. Such paper 
is v ery strong, but "the * 
process does noi- See m t o 
have been adopted IQ any 
large extent. 

Silicate of Soda and 
Casein — the albuminoid 
substances contained in 
milk—are also sometimes 
used in sizing. Casein* is 
coming more into use, being 
added to the pulp in the 
form of a strong solution, 
which is completely precipi¬ 
tated by alum; it imparts 
toughness a n d~~ a jjoqcl 
“handle” to the finished 
paper. Sometimes the caseip 
is mixed with sodium silicate. 

If the sizing takes place 
after^^conversron of the 
material into paper (surface 
sizing), animal size alone 
is used. 
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Starch is always applied to papers in the process of manufacture, for the same 
reason that it is used in laundries for preparing collars and cuffs, viz., to give it a 
line polish and hardening effect in the subsequent glazing process, when the paper 
is passed through hot iron rolls. 

Colouring. —The bleached pulp has always a yellowish tint. This is removed 
by mixing in blue ultramarine, smalt, or similar “ correcting ” colour, a pure 
white-looking paper then resulting. 

The colouring of paper is either effected by grinding suitable pigments into the 
pulp or using suitable aniline colours for dyeing the pulp. 

Paper Machines. —The pulp is now ready for making into paper. The 
pulp, properly sized, loaded, and coloured, is discharged from the mixing 
engine, through strainers, into the paper making machine, usually known as the 
Fourdrinier. (See Fig. 75.) 

It consists of an endless wire-cloth from 32-50 ft. in length and almost any width 
up to 126 in, travelling at the rate of 100-300 ft. per minute. The wire-cloth is 
made of exceedingly fine wire, the meshes ranging from sixty threads upwards to 
the inch. The pulp, after it leaves the beating engine for conversion into paper, 
passes first into large cylindrical vessels known as “ stuff-chests,” containing rotating 
arms to keep the pulp and water intimately mixed. Thence it runs into straining 
machines, and thence into a vat provided with a horizontal agitator; from the vat 
it flows on to the endless wire-cloth of the paper-machine. The wire-cloth i» 



Fig. 76 .—Dandy-Roll. 


supported by a series of brass tube rolls, carried upon brass bearings, and motion 
is given to it by the rotating couch-roll at the end. When it is required to pr odu ce 
a design or name, called a water-mark\ qpor> the .paper. this J^.done bylneanTof 
a roll called the dandy-rolljy which consists of a skeleton roll covered with "wire" 
cloth, upon which the design is worked by means of very fine wire. At the extreme 
end of the wire-cloth, and inside the wire, is the under couch-roll, from which 
the wire receives its motion. Above this is the upper couch-roll; both rolls are 
covered with felt, the upper roll resting upon the lower one. The wire-cloth with 
the web of paper upon it passes between the rolls, receiving gentle pressure, by 
means *of which the paper becomes deprived of much water, rendering the paper 
compact. Here the web of paper leaves the wire-cloth, and passes on to a continu¬ 
ously revolving and endless web of woollen felt, called the “wet felt,” about 20 ft. 
long and carried on wooden rollers. The paper then passes to the first press-rolls, 
which deprives it of a further quantity of water; the surface of the paper is then 
reversed in the second press-rotls , so that both sides of the paper are brought into 
the same condition. From the press-rolls the paper passes to the drying cylinders, 
which are heated by steam. The paper slowly passing over their surface is dried 
and brought into a proper condition for passing between the smoothing-rolls , also 
heated by steam, which give the paper a fine smooth surface. The paper then 
passes over another series of drying cylinders, where it is perfectly dried. The 
paper now passes through the calender rolls , hot polished roils, where it receives a 
fine glaze; finally it is wound on to the reels at the extreme end of the machinery. 
The paper is then cut by special machinery into sheets of any required dimensions. 

The strength of paper is largely determined by the length of the fibres—the 
longer the fibres the stronger the paoer. 

16 
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Wood cellulose is now one of the most important materials for paper-making. Cheap printing 
papers contain 50-80 per cent, of mechanical wood pulp. The better qualities of writing paper 
consist of pulped linen rags. The best and most permanent sorts of paper—such as employed for 
legal documents—are made of pure linen or hemp fibres. 

Parchment Paper, which is extensively used for covering jars and pots for 
pickles and jams, and for binding books, is made by dipping white unsized paper 
for a few seconds into concentrated sulphuric acid and washing free from acid with 
dilute ammonia. The cellulose has been turned by this treatment into a hydro¬ 
cellulose, and is impervious to grease, water, etc. Coloured parchment paper is 
used as a leather substitute. 

The conversion of cellulose into gelatinous hydrocellulose can also be effected 
by the wet-milling processes employed by the paper-maker. Thus a “grease-proof” 
imitation parchment paper is obtained by pressing, crushing, and rubbing the fibres 
for a long time in the presence of water, wood sulphite cellulose being usually ground 
up in a special Hollander provided with blunt knives. Ultimately the cellulose 
absorbs water and a slimy mass is obtained, which makes the translucent paper so 
largely used as a packing for butter, sausages, and other provisions, since it is 
impervious to fat. This paper has no loading or sizing material, with the exception 
of a little starch, and is strongly calendered. If such paper is warmed over the 
point of a small candle flame tiny bubbles appear—due to steam which cannot 
escape through the water-tight surface of the paper. This is used as a test for its 
fat-proof quality. 

“ Cellulith ” is obtained by carrying the mechanical hydration to its fullest 
extent. The cellulose is ground with water for 40-150 hours, when the fibrous 
structure is completely broken down, with the production of an amorphous 
cellulose jelly. This is boiled for two hours to expel air, and then hardens on 
drying to a product of the consistence of bone. This mass can be mechanically 
worked and polished like horn, bone, or ebonite, and is used as a b.nding-agent 
for carborundum or emery wheels, and as a packing-material for making tight the 
covers of autoclaves, etc. It withstands the action of alcohol, ether, petroleum, 
fats, and oils. 

Waterproof Papers are usually made by passing paper through a cellulose 
solvent, such as copper hydroxide dissolved in ammonia (cuprammonium). The 
fibres are cemented together by the solvent action of the cuprammonium, and 
when dried acquire a varnish-like surface. A strong solution of zinc chloride acts 
in a similar way. Sheets of paper treated with concentrated zinc chloride solution 
are placed one on the other and pressed or rolled by hot rolls into thick 
homogeneous solid plates resembling thick sole-leather. Paper treated in this 
way is known as " vulcanised fibre ” and is made pliable by soaking in glycerin. 
It is used as a water-tight isolating and packing material, for pumps, etc. etc. 
Such blocks may be bored, turned, polished, and coloured. (See Marshall, Ch. Z., 
1908, Rep. S. 544. Also Piest, “Die Zellulose,” Stuttgart, 1910.) 

Papier-Machd is made of paper pulp and binding materials, the mass being 
moulded. Some sorts are made by cementing together sheets of paper. A flexible, 
impenetrable, and acid-proof composition is obtained by moulding a pulp made of 
15 per cent, rags and 85 per cent, cellulose, drying by hot air, steeping in solutions 
of resin oils, drying, and again steeping. 

Cardboard may be made like paper, by pouring the pulp on to wire frames 
until it is thick enough. The product is weak. The better sorts are made by 
pressing moist, quite freshly-made sheets of paper one on the other. They adhere 
under pressure, and form a solid mass called “couched pasteboard.” Carton 
I>asteboard is made by pasting finished and dried leaves of paper one over another 
till the proper thickness is attained. Sometimes tar and crushed stones, asphalt, etc., 
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are mixed into the paper pulp for making roofing or tar pasteboard. Carton 
Pierre for roofing is made this way. 

Testing’ Paper. —The mechanical tests for paper (strength, etc.) are usually carried out with 
special apparatus, which are described in Allen’s “ Commercial Organic Analysis,” vol. i. p. 467. 

The Ash is determined by drying 1-2 g. to constancy at 100®-105° C., and igniting in a platinum 
(or porcelain) crucible until the weight is constant. If the paper contains lead compounds, 
this will attack the platinum, and the determination must be carried out in a porcelain crucible. 
A qualitative analysis of the ash reveals the mineral loading-agents used. 

The presence of Mechanical Wood is shown by moistening with (1) a solution of phloroglucinol 
acidified with HC 1 , which gives a purple colour with wood ; or (2) aniline sulphate solution, which 
gives a yellow colour with wood. 

The Sizing is tested by LeonhardCs method: the paper is moistened with one drop of a 
1.5 per cent, ferric chloride solution for as many seconds as the weight of the paper in grams per 
square metre. Then the paper is dried with blotting-paper, and the back is painted with a I per cent, 
tannin solution. With well-sized papers no coloration should take place, l>adly sized papers colour 
almost immediately, moderately sized in about sixty seconds. Rosin in the size is detected by boiling 
with absolute alcohol+a little acetic acid, and a milkiness is produced on pouring into water, or by 
extracting paper with ether and evaporating, when a layer of rosin is left. 

Animal Size (glue, gelatine) is detected by boiling the paper (10 g.) with a little water, filtering, 
evaporating to small bulk, and adding tannin solution. A greyish precipitate, not turned blue by 
I + KI solution, shows animal size. Starch also gives a precipitate with tannin, but this is turned 
blue by the iodine solution. 

The fibrous constituents of paper are usually determined by a microscopic examination; the 
application of certain staining chemicals also helps to differentiate between them. The following 
table shows this :— 


Fibres. 

Iodine Solution. 

Zinc Chloride + 
Iodine Solution. 

Magnesium Chloride 

4 * Iodine Solution. 

Mechanical wood pulp, jute, straw 
(partially boiled), unbleached 
manilla. 

Yellow. 

Yellow. 

Yellow. 

Cotton, linen, hemp 

Brown. 

Claret. 

Reddish brown. 

Esparto, straw, bamboo 

Grey or greyish 
brown. 

Blue to violet. 

Bluish violet. 

Wood cellulose .... 

Colourless. 

Blue or violet. 

Brownish or red. 

Manilla hemp .... 

Yellowish 
brown or grey. 

1 

Yellow. 

Yellow. 


Statistics. —548,000 tons of paper, of value ^6,410,000, were imported into the United 
Kingdom in 1910. The export was 144,000 tons, of value ^3,140,000. The composition of the 
paper-making materials imported in 1910 is shown by the following figures:— 


Paper-making Materials Imported into the United Kingdom in 1910 



Tons. 

Value. 

Linen and cotton rags. 

Esparto and other vegetable fibres - 

Chemical wood pulp. 

Mechanical wood pulp. 

Other materials. 

18,500 

193.000 

35 »»<*>o 
488,000 
14,000 

^201,000 

666,coo 

2,837,000 

1,225,000 

102,000 
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The United States in 1910 imported paper and paper manufactures to the value of $31390,000. 
The following figures give the exports :— 



1906. 

19x0. 

Books, maps, printed matter 
Paperhangings 

Playing cards 

Printing paper 

Writing paper 

All others - 

$5,839,000 

311,000 

258,000 
3,667,000 
(138,856,000 lbs ) 
$976,000 
4,324,000 

$7,089,000 

297,000 

222,000 
2,767,000 
(92,738,000 lbs.) 
$1,267,000 
4,442,000 


The paper-making materials imported into the United States is given by the following figures ■ 








V —MERCERISATION 

LITERATURE 

* 4 Merccrisatm. ,J A practical and historical manual by The Dyer and Caluo Printer, 
London, 1903. 

Gardner. — “ Die Mercerisation der Baumwolle.” Berlin, 1898. 

Icm NHAUsER. —Article “ Meirensation” in Dammer’s “Cliemi&thc Technologic der 
Neuzeit-*” Gives recent patents. 

Cotton fibre when brought into contact with sodium hydrate solution containing 
more than 10 per cent. Na 2 0 changes from a hollow flattened riband to a thickened 
cylinder with practically no hollow. This effect is seen in cotton cloth as a 
shrinking in length and width accompanied by a thickening in substance, and is 
known as mercerisation, after the inventor Mercer (1844). (Toth so treated 
is stronger, and has an increased dyeing capacity. By acting on cloth w r eaved of 
a mixture of cotton and wool, the wool is unaffected, while the cotton shrinks 
up, causing a relief crepon effect. 

Mercerisation is effected in two ways :— 

1. The caustic soda (20-25 P er cent.) is allowed to act on the cloth or yarn 
when stretched in frames, thus forcibly preventing any longitudinal shrinking of the 
fibres; the latter retain their original length and strength, but simultaneously 
acquire a beautiful silk-like lustre when the caustic soda is removed by washing. 

2. The cotton is soaked in a solution of caustic soda, squeezed or centrifuged 

f E D 
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FtC* 77.— Mather & Platt's Mercerising Range. 
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to get rid of excess of moisture, stretched a little beyond its original length, and 
washed while still in a state of tension to remove the NaOH. 

Mather & Platt’s apparatus for mercerisation is shown in the illustration (Fig. 77 )» The cotton 
fabric A first passes into the caustic soda tank B in the foreground, where it is twice soaked and twice 
squeezed dry by rollers placed inside; the goods then pass into the tension frame c, where it is 
stretched the proper amount, and afterwards m the second part of the apparatus D the caustic soda 
is removed by washing with warm water issuing from a central perforated pipe laid above the cloth, 
the wash water running away being caught and evaporated so as to regam the soda. On issuing 
from the tension frames the material passes in order through a washing-tank E, squeezing-rollers, 
an acid-tank, squeezing-rollers, and a couple of massive rollers * where it is strongly compressed; 
the cloth is then laid in folds as it issues from the machine. A section of Sir James Farmer’s Mer¬ 
cerising Range is also shown in Fig. 78. 

The strength of the cotton is increased by mercerisation 68 per cent, if 
unstretched, and 35 per cent, if stretched (Buntrock, Z. Angew. Ch ., 1898, 982). 


B C PE 

Perforated Fipe 



The silky finish is especially marked when long-fibred sorts of cotton are 
employed, and is intensified by subjecting the mercerised material to a special 
calendering-process. Beautiful crepon effects are obtained by locally mercerising 
stretched cloth—the NaOH being prevented from spreading into neighbouring 
parts of the cloth by first printing the parts with gummy material; the caustic soda 
is then only able to mercerise those portions of the cloth not covered with gummy 
material. This process has now attained great industrial impoitance. 

As far as the chemistry of the process is concerned it is thought that cellulose when tieated with 
the NaOH forms the compound (CgH^O^aNajO, which on washing decomposes into the cellulose 
hydrate (C 6 II 10 O 5 )2.1I 2 0- 

Tests. —To distinguish between mercerised and non-mcrcerised cotton a n iciosccmic examination 
is necessary. Lange advises treating the sample with a cold saturated solution of ZnCl 2 *f KI + I 
{c.g ., 30 g. ZnClg-f5 g. KI -f 1 g. I in 24 c.c. of water). Such a solution gives a blue colour to both 
mercerised and non-mercerised cotton. On rinsing w ith cold water the colour persists with mercerised 
cotton^ and disappears with non-mercerised. If the cotton is coloured it must be bleached before 
applying the test. 
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VI.—COLLODION 

Collodion is a weakly nitrated cellulose, usually regarded as a dinitro 
cellulose, C 0 H 8 (NO 2 ) 2 O 6 ,* containing io-ii per cent. N, and easily soluble in a 
mixture of alcohol and ether (2:1). Several such dinitro-celluloses exist,t some 
soluble and some insoluble, and it is usual to distinguish between those intended 
for the manufacture of blasting-gelatine and nitroglycerin powder and those 
for making celluloid and for artificial silk. Usually the cotton wool is purified 
by treating with soda (wood cellulose requires such energetic purification that 
it is not used for the manufacture of nitro bodies), and then 1 part of cotton 
is nitrated with 20 parts H 2 S 0 4 + 9 parts KNO s .^ The cotton wool is left in 
the acid mixture until a sample, when withdrawn and crushed, will dissolve 
in a mixture of alcohol and ether (2:1). The temperature during nitration must 
remain low. The collodion wool (dinitro-cellulose) is washed with cold water, then 
with boiling w'ater, and is carefully stabilised, as described under Gun-cotton (see 
Explosives, p. 624). It is sometimes stabilised by heating when wet with dry 
superheated steam. The solution in alcohol-ether is also known as Collodion. It 
dries to a colourless elastic skin. Collodion is principally used in photography and 
medicine, for varnishes, films, and for impregnating incandescent mantles. 

England imported 87 gals, in 1910, value £76. The United States in 1910 imported 84,500 lbs. 
(value $335,900). 


* On Eder’s formula, C ]2 ilie(^' 7 O 2 ) 4 O 10 (tetranitrate), and on Veielle’s, CgJIjelNO.jJgO.jo (octo- 
nitrate); Veielle’s more closely represents the facts, 
t See p. 628. 
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VII.—CELLULOID, XYLONITE, Etc. 

LITERATURE 

Worden. —“ Nitro-cellulose Industry.” 2 vols. London, 1911. 

Masselon, Roberts, Cillard.— “Le Celluloid. ,, Paris, 1910. 

D. Ertel. —“ Die Celluloid Industrie.” 1909. 

Piest. —“ Die Zcllulose.” Stuttgart, 1910. 

F. BocKMANN.— “Celluloid.” London, 1907. 

Schmidt. —“Papiermach£ und Celluloid.” Leipzig, 1907. 

AndEs. —“Celluloid.” Vienna, 1907. 

Bersch. —“Cellulose, Celluloid and Artificial Rubber.” London, 1904. 

S. Lehner. —“Die Imitationen.” Vienna and Leipzig, 1909. (Gives an account of the 
manufacture of imitations of tortoiseshell, coral, ivory, etc., from celluloid and 
similar bodies). 

Moniteur Scientific ue^ 1908, p. 648. Article on “ Derives Plastiques de la Cellulose et de 
les composes.” 

See also under Celluloid Substitutes. 

Celluloid consists of a low-nitrated cellulose, usually termed pyroxylin, and 
camphor, and was discovered by Alexander Parkes about i860, and by the brothers 
Hyatt* of Newark in 1869. These substances, when pressed together and warmed, 
unite to form a transparent substance, which is not explosive and which possesses 
properties very different from the component bodies. The nature of the union is 
unknown, but it is believed that a “ solid solution ” and not a definite compound is 
formed. Several processes exist for effecting the union, but they may be divided 
into two types:— 

1. The Dry Process. —The well washed and dried pyroxylin is ground 
up as finely as possible under water in a Hollander (see Paper-making'), the water 
is removed, and the mass is subjected to a very great pressure in a perforated vessel. 
Next, the mass is mixed with 40-50 per cent, of camphor, well kneaded and mixed 
in special machines and at the same time colouring matters and other products 
mixed in. The mass is now subjected to very great hydraulic pressure, and at 
the same time heated by steam to about 130° C. The nitrocellulose rapidly 
dissolves in the melted camphor, and celluloid is produced. After remaining in 
the press for some hours the celluloid is dried in a vacuum over CaCl a . Hyatt’s 
original method is a modification of this. 

2. The Wet Process. —In the alcohol and ether process of Magnus & Co., 
50 parts of pyroxylin are placed in stoneware vessels and 28 parts of camphor dis¬ 
solved in 100 volumes of ether and 5 volumes of alcohol are added, and the whole, 
together with a “ stabiliser ” or “ antacid,” such as urea, stirred up in the closed 
vessel (to prevent evaporation of the ether). The crude plastic stuff so obtained is 
rolled out into sheets, and after hardening is treated in a warm state in the hydraulic 
press. The process is only suitable for the production of moderately thin sheets or 
bars of celluloid. The danger of explosion and fire through the use of ether vapour 
is very considerable. Best uses methyl alcohol instead of ether for dissolving the 
camphor. 

Celluloid is a horn-like, semi-transparent, or even transparent, body. It is hard, 
very tough, and elastic. Inferior qualities smell of camphor, the best sorts are 
odourless. It Is insoluble in water, and when hot can be welded and moulded. 
At 125° C. it becomes plastic; at 140° C.-145* C. it decomposes without explosion 
It is extremely inflammable, burning with a smoky flame, and emitting a camphor 
like smell. Celluloid cannot be made to explode by heating, friction, or a blow. 



CELLULOID , XYLONITE 


209 


Since camphor is dear a large number of substances have been proposed in its 
place for making celluloid. Thus we may mention acetine, methyl naphthyl- 
ketone, dinaphthylketone, naphthalene, naphthalene acetate, nitro- 
naphthalene, halogen derivatives of the aromatic hydrocarbons, esters 
of phenol, cresol, naphthol, etc. etc. The use of the carbonates of the 
phenols, cresols, and naphthols is suggested in the German Patent, 139,589 ; the use 
of borneol is suggested in the English Patent, 11,512, 1905. The English Patent, 
5,280, 1904, suggests the use of mixed ketones, while the English Patents, 77,948, 
1900, and 8,072, 1901, use the phenol ester of phosphoric acid. 

The great disadvantage of celluloid is its inflammability, and many methods 
have been proposed for diminishing this, such as the addition of mineral fillers, 
such as asbestos, magnesium chloride, aluminium salts, etc. Organic compounds 
of silicon have been recommended (English Patent, 10,320, 1910) as fillers. It has 
also been proposed to use in place of the very inflammable nitrate other esters of 
cellulose. See next Section. 

Statistics. —England imported celluloid ware to the value of ^450,000 in 1910; xylonite and 
celluloid ware to the value of ^167,000 were exported. The United States exported celluloid to the 
value of $1,189,000 in 1910; 8341,000 m 1906. 
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VIII. -CELLULOID SUBSTITUTES, ARTIFICIAL 
BONE, HORN, IVORY, AND SIMILAR 
PRODUCTS 

LITERATURE 

See under works on Celluloid; also S. Leiinrr, “Die Imitationen” (Vienna, 1909); J. 
Hofer, “Die Fabrikation ktinstlicher plastischen Massen” (Vienna, 1908); R. Scherer, 
“Casein” (London, 1905); also an article in the Moniteur Scientifique, 1909, vols. 
70-71, p. 157, “Etat Actuel de 1 *Industrie des Mature Plastiques Artificielles.” For 
artificial Horn, Resins, and Shellacs see the Journal of Industrial and Engineering 
Chemistry , vol. i. (1909), pp. 149, 545 ; Transactions of the American Electro-Chemical 
Society , vol. xv. (1909), p. 597. See also Patent Specifications referred to in text below. 

(a) From Cellulose Acetate, etc., non-inflammable celluloid substi¬ 
tutes are made by mixing cellulose acetate, formate, or double esters, such as the 
sulphacetates and phosphacetates (the latter being more readily soluble in cheap 
solvents), with camphor or its substitutes. The so-called “ cellite ” films for 
kinematographs are made in this way, and are only with difficulty inflammable. 
Combs, toys, balls, etc., of this “ cellite ” are now manufactured and used as a 
substitute for the inflammable and even dangerous celluloid. (See English Patents, 
Nos. 26,075, I 9 0I > 7,o88, 1902; 1,441, 1910.) 

Horn-like bodies are obtained from cellulose acetate by heating with mono- or 
polyhydric phenols, chloral hydrate, thymol and chloroform, castor oil and CHC 1 3 , 
or phenol alone under pressure (German Patents, 145,106, 151,918, 152,111; 
American Patents, 774,713 and 774,714; English Patent, 9,537, 1907). 

Cellulose Formate is used in English Patent, 2,511, 1907, and Compound 
Cellulose esters in English Patents, 27,102, 1909; 8,646, 1910; 29,246, 1910. 
(See under Cellulose Esters for manufacture of cellulose acetate, etc.) 

(b) From Casein or Milk Curds (see Industrial Casein, p. 79). 

Galalith is the best known horn or celluloid-like substance obtained by the 
action of formaldehyde on casein (from milk). The casein is dissolved in alkalies 
(such as caustic soda or aqueous ammonia), and the clarified solution is pre¬ 
cipitated with acids, filtered, pressed, and dried slowly during some weeks or 
months. The plates so obtained, when soaked in formaldehyde and dried, form a 
yellowish white translucent product, very tough like horn or ivory. It may be 
coloured or marbled by adding dyes, soot, cork powder, etc., to the casein solution 
before precipitation. Galalith has a sp. gr. 1.31-1.35, is moderately hard (2.5 Mohr), 
is a good electric insulator, can be cut and worked cold, and when warmed with 
water can be kneaded and moulded. It is practically non-inflammable. It cannot 
be obtained perfectly transparent, nor in leaves thinner than 2 mm. in thickness. 
Galalith is protected by the German Patents, 115,681, 127,942, 141,309, and 
M 7 > 994 * Analogous products are produced in various ways by Betz (English 
Patent, 14,319, 1906), Desgeorge and Lebreil (English Patent, 23,789, T906), 
Goldsmith (English Patent, 412, 1909), Kathe (English Patent, 17,953, 1907), 
Schutze (13,601, 1909). (See also English Patent, 21,750, 1910.) 

A somewhat similar product is made by dissolving dried casein in dil. NaOH 
solution, heating with sulphur, evaporating the clear liquid to a syrup, and adding 
water-glass or zinc and lead hydroxides, and, to increase the hardness, emery, sand,* 
cork dust, wood meal, etc. etc. The product is cast into plates and dried See 
German Patents, 153,228, 163,818, and French Patents, 367,407. 
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Ceiluloid-likc bodies are obtained by mixing nitrocellulose and casein; also by treating a 
compound of casein with a metallic oxide (German Patents, 138,783, 139,905). 

(c) Aldehyde-Phenol Condensation Products (Artificial Resins, Bone 
Substitutes, etc.). —When certain aldehydes, such as formaldehyde and phenols, 
are boiled together, condensation occurs, and resinous bodies are formed, which 
can be used in the manufacture of varnishes, or plastic masses for imitating horn, 
ebonite, etc. 

A remarkable product called Bakelite, after its inventor, Baekeland, is manu¬ 
factured by warming together equal weights of phenol and formaldehyde, and a 
small amount of an alkaline condensing agent. The mixture separates into two 
layers, the upper an aqueous solution, and the lower an intermediate condensation 
product called A. If this intermediate product be heated above ioo° C, a final 
condensation product called C is obtained in a porous, spongy state, which may 
be avoided by proceeding under a pressure of 50-100 lbs. per square inch. The 
product is then a hard, solid mass called Bakelite. Bakelite (sp. gr. 1.25) is 
very hard, not elastic, and an excellent insulator of heat and electricity. Its price 
is lower than hard rubber, casein, celluloid, etc. 

Wood, e.g. f soft wood, may be soaked in the intermediate product A, and is 
then heated under pressure, whereby it becomes covered and impregnated with 
a brilliant coat of superior waxy varnish equal to the most expensive Japanese 
lacquer. With this coated soft wood results are obtained in making furniture 
which cannot be achieved even with the most expensive hard woods. 

Cardboard, pulpboard, fibres, etc., when impregnated with A, on heating, 
produce a hard, polished material. It can be used for coating metallic surfaces; 
for replacing amber in pipe-stems; for buttons, billiard balls, knife handles, etc.; 
for compounding sawdust, wood pulp, emery, etc. etc. It is a very powerful 
cement, and can be used for making grindstones, bearings, etc. 

A large number of condensation products of phenols and formaldehyde are 
producible, some of which are hard bodies, fusible, soluble in the usual solvents, 
forming substitutes for natural resins like shellac, etc., while others are hard, 
infusible, and insoluble substances, serving as substitutes for ebonite, celluloid, etc. 
Further information of these interesting products is given in The Journal oj 
Industrial and Engineering Chemistry , vol. i. (1909), pp. 149, 545, The Transactions 
of the American Electro-Chemical Society , vol. xv. (1909), p. 597. (See also Patent 
Specifications (English), Nos. 1,921, 1,922, 2,122, and 21,566, a.d. 1908, and 
No. 8,875, a.d. 1905.) 

The following notes on these interesting bodies will be useful. In 1871 Bayer showed that 
phenols and aldehyde react. Kleeberg in 1891, as the result of a violent action, obtained a hard 
irregular ma«s, insoluble and infusible, by allowing formaldehyde solution to act on phenol in the 
presence of HC 1 . Smith in 1899 moderated the violence of the action by solvents such as methyl 
or amyl alcohol; he also used acetaldehyde and paraldehyde, and finally evaporated, when a 
product was obtained which could be sawn, cut, and polished. Luft (1902) treats formaldehyde 
with phenol and acid in aqueous solution, and before the product has had time to harden he adds 
solvents such as glycerol, alcohol, or camphor. The product is similar to celluloid, but is less 
tough and flexible. Blumen (1902) adds an oxy-acid such as tartaric, and boils, thus producing 
a shellac substitute, which behaves like a soluble fusible natural resin. Fayolle in 1903 made a 
fusible guttapercha substitute by adding a large amount of glycerol to the H2SO4 used for condensing 
the product. Story (1908) added 3 parts of 40 per cent, formaldehyde to 5 parts of 95 per cent, 
cresol or carbolic add, boiled eight to ten hours, concentrated, poured into moulds and dried below 
ioo* C. The product was infusible and insoluble. Speyer (1897) condensed naphthol or polyphenols 
{e,g. , resordn or pyrogallol) with excess of ammonia and formaldehyde, thus producing an anti¬ 
septic which slowly gives off formaldehyde. In 1907 F. Bayer & Co. produced a shellac substitute by 
using orthocresol. Grognot (1908) produced a shellac substitute in a similar manner, adding 
glycerol, and when the action is over distilling off the solvent. Helm in 1907 produced synthetic 
resins by using amines or ammonium salts as condensing agents. 

(d) Horny substances (#.*., those containing keratine), such as claws, hoofs, horns, 
hair, etc., when cut up, dissolved in alkalis, precipitated by acids, pressed and treated 
with formaldehyde, form hard products like celluloid. (See German Patent, 

134.314.) 
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LITERATURE 

Suvern. —“ Die kiinstliche Scide.” 2 Auil. Berlin, 1907. 

PlEST. —“ Die Zellulose.” Stuttgart, 1910. 

Dr Ichenhausrr. —Dammer’s “Chemische Technologic der Neuzcit.” Bd. III., p. 27. 
“ Die kllnstlichc Seide.” 

W. r. DREArER. —“The Artificial Silk Industry.” Jount. Chew . Ind>> 1909, 28, 1297. 
Chaplet et Rousset.— Lcs Soies artificiellcs.” (Paris, 1909); and “ Le Mercerisage 
et les Machines k merceriser. ” 

J. Foltzer.—“ La Soie artificielle.” 2nd Ed. Cornimont Vosges, 1909. 

Willems.—“ La Soie artificielle.” Paris, 1909. 

B. M. Margosche. —“Die Viskose.” I/eipzig, 1906. 

A. Herzog. —“Die Unterscheidung der Natilrlichen und KUnstlichen Seiden.” Dresden, 
1910. 

MncHEL and Prideaux. — “Textile Fibres.” London, 1910. (Gives the Patent 
literature.) 

W. Massot. “ Faser- u. Spinnstoffe.” Z. A/rgew. C/tew., 1912, 562. 

Several methods are now successfully worked for dissolving cellulose and 
squirting the solution through fine orifices, so as to form fine, silk-like threads. 
The founder of the industry was Chardonnet, who first produced “collodion silk.” 

(a) Collodion Silk — The Cellulose Nitrate Process. — Cellulose is 
treated with nitric acid, as in making gun-cotton, and thus converted into “collodion 
wool,” a weakly nitrated cellulose, containing 10-11 per cent, of N, in the form of 
two nitro-groups, thus, C,.H 8 (N 0 2 ) 2 . 0 5 . Wood cellulose cannot be used for making 
the nitrocellulose, since it does net yield a stable enough nitro-product. Cotton 
cellulose, boiled with soda and bleached with chloride of lime, is now universally 
used. The nitrocellulose is dissolved in about 6 parts of a mixture of alcohol and 

ether (2 :3) so as to form a thick syrup, 
which is carefully filtered and run into a 
tinned steel tank, where it is subjected 
to a pressure of about 50 atmospheres, 
and thus forced out in the form of very 
fine threads through a number of very 
fine glass tubes (c, Fig. 79), having 
openings of only 0.08 mm. diameter. 
According to the wet process the 
threads are spun out (squirted) — eight 
to thirty-six single threads simultaneously 
—into water, where they solidify and are 
continuously drawn off and twisted into 
a stouter single thread by a roller at <?, 
Fig. 79. In the dry process of 
spinning (Chardonnet’s original process) 
the threads are forced out into a warm 
air chamber, where the alcohol and ether 
instantly evaporate, and the solid threads 
are drawn off and spun together (twisted) 
to form stouter threads, just as in the 
wet process. The alcohol and ether 
vapours are condensed, and so the sol¬ 
vents are recovered. 
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Both the wet and dry processes of spinning have their own peculiar advantages and disadvantages. 
In the wet process (Lehner) a 10 per cent, collodion solution is used, and the process of spinning 
is somewhat slow. In the dry process (Chardonnet) a 20 per cent, collodion solution is used, and 
the process is rapid, but complex machinery is required to condense the vapours of alcohol and 
ether. At the present time tne greater part of the artificial silk is obtained by one or other of 
these processes. 

The threads so obtained are explosive and very inflammable. They are, 
therefore, passed through a reducing bath, which removes the nitro-groups and 
reconverts the substance into non-explosive cellulose. To prevent explosion it 
is extremely important that the threads should contain not less than a certain 
percentage of moisture until the denitration has been effected. The reducing bath 
usually consists of a 10 per cent, solution of sodium sulphohydrate (H 2 S + NaOH 
solution); sometimes calcium and magnesium sulphohydrates are also used. The 
nitrogen is reduced in a short time to 0.3 per cent., and the substance is now 
practically pure cellulose, being scarcely more inflammable than cotton. The 
denitrating process lessens the strength of the fibres, but increases their brilliance. 
The silk is well washed, bleached, washed, and dried. 

The nitrocellulose process is a difficult and dangerous one. The nitrated cellulose is explosive, 
while alcohol and ether are very inflammable substances, giving vapours which seriously injure the 
health of the workmen. The chemicals used are expensive, and all the nitrogen used in the nitrating 
process is lost again in the denitrating process, and, indeed, up to the present is not recoverable. 
The great advantages of the process are: (1) the threads do not easily break in the winding and 
spinning process, so that there is little waste; (2) the collodion solution will keep indefinitely. 
In the other two processes to be described, the cellulose solutions are unstable and must be used 
soon after preparation. One of the great defects of the process has been the weakness of the threads 
after denitrating. Great improvements, however, have been effected in this direction. The gun¬ 
cotton product, however, is being slowly "displaced by that prepared directly from cotton. 

“ Collodion silk ” has been manufactured since 1891 in Chardonnet’s large factory at Besan£on. 
“ Lehner silk ” is a similar product manufactured in the Vercinigten Kunstseidefabriken in Frank¬ 
furt a. M. Enormous profits were made by some factories, and for a time the demand for the 
artificial brilliant silk was so great that its price actually rose for a time above that of real silk ! 

(b) The Cuprammonium Process. —This process depends upon the solubility 
of cellulose in a solution of copper hydroxide in ammonia. 

The most important patents protecting the manufacture are those of Pauly 
(German Patent, 98,642, 1897); Bronnert (German Patent, 109,996, 1899); 
Frctnery and Urban (German Patent, 111,313, 1899). 

The cellulose is obtained from long-fibred cotton, purified by boiling with 
soda under 3 atmospheres pressure. The ammoniacal solution of copper is 
obtained (German Patent, 115,989) by charging an iron cylinder with copper 
turnings and adding a 20 per cent, ammonia solution and some NaOH solution 
(25’ B L\ while cold compressed air is driven into the solution. The temperature 
must not rise above 4 C. The solution should ultimately contain 45 g. of copper 
per litre, when it will take up 8 per cent, of cellulose. The solution must be as free 
as possible from inorganic salts. The percentage of cellulose dissolved increases 
with the percentage of copper present. The prepared cellulose is then mixed with 
the cuprammonium solution in special mixing or kneading machines, all contact 
with the air (and escape of ammoniacal fumes) being avoided. The solution is 
carefully filtered through fine metal cloth, so as to separate any undissolved 
fibres, and then forced through narrow orifices into a bath of sulphuric acid; the 
sulphuric acid removes the copper from the thread and gelatinises it; a 50 per cent, 
sulphuric acid is now used against a 10-20 per cent formerly employed, as stronger 
threads of a higher lustre are obtained with the stronger acid. The individual 
threads are then spun together into thicker threads, consisting usually of eighteen 
single threads. 

In order to remove completely all the copper, the threads are boiled with dilute 
acetic acid, washed with hot water, and dried on the spools (and therefore under 
tension) in a stream of warm air. 

This variety of artificial silk is pure cellulose, and is sold under the names M Glanzstoff,” “ Sirius 
Silk/* and u meteor Silk,** It is manufactured at Elberfeld (Vereinigte Glanzstoffifabriken). 
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It is a strong product, possessing a very brilliant lustre, but with a somewhat feeble affinity 
for dyes. 

(c) The Viscose Process (see also Cellulose Solutions, p. 188).— Cross 
and Bevan (English Patent, 8,700, 1892) dissolve cellulose by treating it with 
a concentrated solution of caustic soda, and then with carbon disulphide, as 
described on p. 189. The cellulose unites to form a water-soluble xanthogenate, 
NaS—CS— 0 C 12 H n 0 9 , known as viscose, thus :— 

.SNa 

CiaHaAo + NaOH + CS a = CS< + H a O. 

OC^lfigO# 

The solution is prepared in a kind of hollander, and is carefully filtered through 
porous cellulose plates, from which it passes directly to the final spinning-orifices. 
These are situated in the bottom of a thick-walled, air-tight vessel, which is con¬ 
nected to an air-compression plant. The spinning-orifices consist of conical glass 
tubes (sometimes provided with platinum jets) with exceedingly fine orifices. 

The viscid solution is then spun into a solution of ammonium chloride which 
separates out the cellulose again, and gives the product known as “viscose silk.” 
Recently the spinning has been done in dil. H 2 SO t containing alkali sulphate or 
organic substances. The threads must be washed free from sulphur by passing 
through a series of washing solutions. The cellulose xanthogenate is unstable, 
being rapidly decomposed by acids, more slowly by water or ammonium chloride 
solution, into cellulose and a sodium sulpho-carbonate. The cheap wood-sulphite- 
cellulose can be used in this process ; it appears to be the one most likely to 
supersede the others, since it yields a product equal or superior in strength and 
softness, and is cheaper and simpler than the Chardonnet or Pauly process. For 
improvements see Stearn, German Patent, 108,511; English Patent, 5,730, 1904; 
American Patent of Waite, No. 816,404, 1906, (which displaces the dear ammonium 
chloride solution for spinning into by sodium bisulphite solution); German Patent, 
187,947, and A. 296, C. 16,663. 

Eschalier (German Patent, 197,965) treats the fibres with formaldehyde, and 
states that they are thus rendered strong enough for making clothes. 

( d) Silk from Cellulose Acetate. —The artificial silk produced by the 
three preceding methods consists of a modified form of cellulose, akin to mercerised 
cellulose, which absorbs more water from the air than normal cellulose, thus 
producing a cellulose hydrate. Another variety of artificial silk is made, however, 
which differs from the preceding in being, not cellulose, but cellulose acetate. The 
triacetate [C 6 H r (C 2 H 8 0 2 ) 3 . 0 2 ] n .H 2 0 is often used, but other acetates are employed 
as well. For preparation and properties see under Cellulose Esters. 

Cellulose acetate forms a horny mass, which dissolves in chloroform, glacial 
acetic acid, ethyl benzoate, and nitrobenzene, to form a thick, syrup-like solution, 
which may be squirted through holes into alcohol or ammonium chloride, so as 
to form fine, silk-like threads. Such “acetate silk” is considerably stronger and 
harder than cellulose artificial silk, and is non inflammable, but has the disadvantage 
of being much dearer. 

u Acetate Silk” is an even better non-conductor of electricity than rubber or 
natural silk. An important commercial application is the coating of very fine 
copper wire for electrical purposes. 

Formates of cellulose have also been proposed for making artificial silk (see 
p. 216). 


(e) Other Varieties of Artificial Silk 

Vandura or Gelatine Silk, a very beautiful product, made from gelatine and formaldehyde, 
and having about the same percentage of nitrogen as natural silk, is too weak to be of much 
practical use. (See German ratent, 88,225.) Gelatinous silks, made from gelatine from sea-weed, 
Irish moss, agar-agar, etc. etc., have been proposed. (German Patent, 148,587.) 

Casein Silk.-— Casein dissolved in alkali or zinc chloride solution is forced into acid or other 
precipitating ana hardening bath. (See German Patents, 170,051, Supp., 178,985, 182,574.) These 
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products up to the time of writing have attained little importance, but may ultimately do so when 
improved. 


(/) Coarse Artificial Fibres for Various Purposes 

Artificial Hair has long been made by Lehner by the collodion process (which see, p. 212), by 
spinning out simultaneously several fine threads in such a manner that they meet while still in a 
soft condition, and then coalesce to a single thread of suitable dimensions. (See German Patent, 
125,309.) The product is known as Meteor Yarn and Sirius Yarn, etc., used for cording in 
millinery. (Stout single threads squirted out from a large orifice of the proper dimensions are too 
weak to be of much use.) Instead of coalescing a number of fine threads, the German Patents, 
129,420, 181,784, 186,766, and American Patent, 856,857, pass cellulose threads through solvents, 
which soften and partially dissolve the individual fibres of the thread, making them cohere together 
to a single homogeneous thick fibre, with a polished and smooth surface. The thread is then 
hardened. 

If the artificial hair is to be used for making wigs, the lustre must be removed by various 
processes. (German Patents, 129,420 and 137,461.) 

Artificial Hemp Bast may be prepared by mixing in zinc white, barium sulphate, chalk, etc., 
into a collodion, viscose, or other solution of cellulose, and then steeping fibres in the solution. 
(German Patent, 184,510.) 

Properties of Artificial Silk. —Artificial silk possesses a more brilliant lustre 
than natural silk, and dyes* well with cotton dyes, collodion silk even directly 
taking basic dyes. Artificial silk, however, has a much harsher feel than that of 
real silk ; this is in consequence of the greater thickness of the threads, thus while 
real silk has a thickness of only 0.01-0.02 mm., the finest threads of artificial 
silk barely reach 0.03 mm. The reason of this is that up to the present it has 
been found impossible to make the openings in the glass spinning-tubes of a smaller 
diameter than 0.08 mm., although no doubt this difficulty will be overcome in time. 

A more serious defect, however, is the want of strength, especially in a wet 
condition. In a dry condition the stiength equals that of heavily weighted natural 
silk. The strength has been increased considerably of recent years, a toughening 
effect being produced by soaking in formaldehyde and similar chemicals (e.g, % see 
German Patents, 197,965, A. 296, C. 16,663V It has been found that the finer 
the fibres the stronger the woven cloth, and efforts have, especially in recent years, 
been made to spin finer and finer threads; on these lines the strength of natural 
silk may ultimately be attained or even exceeded. 

Uses of Artificial Silk. —Artificial silk is used in rapidly increasing quantities 
for glittering braids and trimmings, and for relief on cotton cloths. Indeed for 
these purposes it is far better than real silk, since it gives excessive brightness to 
the fabric. It is also used in the form of insertions for ladies* blouses, ties, scarfs, 
and wearing apparel generally. Furniture stuffs and carpets are now beginning 
to be manufactured from it. Such artificial silk cloth is much more readily freed 
from dust than real silk cloth. Artificial silk, however, being much weaker than 
real silk (at least most of the kinds in use up to the present), is unsuitable for 
using in a pure state for making cloth. It is invariably used with other strong 
threads as backing. 

This explains why the manufacture oi artificial silk has not to any extent affected the volume of 
the trade in real silk, since it is used for a different purpose. About 25,000 tons of real silk are 
annually produced, while the output of artificial silk amounts from 5,000-7,000 tons yearly (1910). 
The English output was 270 tons in 1909. 1 kg. of artificial silk costs 15s. to 20s. ; of real silk, 20s. 

to 40s. The introduction of artificial silk, however, in large amounts has had the effect of consider¬ 
ably lowering the prices paid for real silk, and should an artificial silk be ultimately produced having 
the mechanical strength and wearing properties of real silk, it may in time entirely displace it. 

The English export of artificial silk amounted to ^196,000 in 1910. The import amounted 
t0 ^36*000. The United States imported 1,542,000 lbs. (value $2,062,000) in 1910. 

Artificial silk is also used for making artificial horse hair, hair for wigs, etc. 
Also for making incandescent lighting mantles, which are said to be very elastic 
and durable* with a longer and greater incandescent power than other kinds. 
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Teste of Artificial Silk Yarns.—Natural silk contains 17 per cent, of nitrogen. The various 
artificial silks contain from 0.07*0.16 per cent. N. 

Diphenylamine Sulphate gives the following reactions 

Silk - .... Biown coloration. 

Tussah silk ....... yf intense. 

Chardonnet and Lehner (nitrocellulose) - Intense blue. 

Pauly, Viscose, or Yarmouth silks - - - No reaction. 

A good method of distinguishing artificial silk from leal silk or mercerised cotton is to heat the 
cloth to be tested for ten minutes to 200° C. Artificial silk is carbonised (though intact as regards 
structure) and falls to pieces on touching or rubbing, while real silk, cotton, or wool are hardly 
affected. Hence rubbing the heated and cooled cloth removes the artificial silk as dust, and by 
comparison with a piece of the ofiginal cloth the number of threads of artificial silk can be easily 
counted. Under the polarisation microscope dyed natural silk does not appear dichroic, while dyed 
artificial silks (of cellulose) are strongly dichroic if dyed with methylene blue, congo-red, or benzo- 
azurine (Herzog). 

Cellulose Esters 

Literature. W. Massot.—“ Faser- u. Spinnstoffe.” Z. Angew. Chern 1912, 567. 

Cellulose Acetates. —Several of these appear to exist, but according to 
Ost (Zeit. f Angew. Chem 1906, S. 993) even the highly acetylated products, the 
so-called “ Tetra-acetates,” are really Triacetylcelluloses, [C 6 H 7 (C 2 H 3 0 ) 8 0 6 ] n .H 2 0 
(disputed). 

Lederer produces the triacetate by first treating cellulose with dilute acids, 
thereby converting it into hydrocellulose, and then acetylating with acetic anhydride 
and a very little concentrated H 2 S 0 4 or glacial acetic acid, the process being 
carried out in the cold. (See English Patents, 11,749, 1900; 7,088 and 11,164, 
1902 ; 734, 1903; 7,346 and 19,107, 1906; 3,103, 1907.) Another process directly 
acetylates the cellulose, which at the same time undergoes partial hydrolysis (Ost). 

Cellulose acetate is also made on the industrial scale from cellulose regenerated 
from the sulpho-carbonate or viscose. Henckel-Donnersmonk’s process consists in 
heating molecular proportions of cellulose and magnesium acetate with acetyl 
chloride, anhydrous acetic acid, and nitro-benzene. 

It is soluble in chloroform, ethyl-benzoate, glacial acetic acid, and nitro-benzene, 
and is insoluble in methyl or ethyl alcohol, ethyl or amyl acetate, acetone, and 
ether. 

It forms films of great transparency, is a better electric insulator than rubber 
or silk, and is non-inflammable. An important commercial application is the 
manufacture of “ acetate ” silk for coating very fine copper wire for electrical 
purposes (p. 214). Its price in 1910 was about thrice that of nitrocellulose. 

Non-inflammable celluloid substitutes are made by mixing the less highly 
acetylated cellulose acetates with camphor. The so-called “Cellite” films for 
kinematographs are made in this way, and are only with difficulty inflammable. 
Combs, toys, balls, etc., of this “cellite” are now manufactured and used as 
a substitute for the highly inflammable and dangerous celluloid. See under 
Celluloid. 

Cellulose Formates are made by acting on the cellulose with first sulphuric 
acid and then formic acid. A mixture of formates ensues which can be used for 
making artificial silk. (See English Patent, 17,036,1909.) For an account of other 
cellulose esters see Piest, “Die Zellulose,” Stuttgart, 1910. 

For esters of HNO a see Gun-cotton (pp. 624-629) and Collodion, p. 307, 
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X.—NITRO CELLULOSE LACOUERS, VARNJSHES, 

DOPES 

By Geoffrey Mak'iik, PIi.IL, I).Sc. 

LITERATURE 

S. T. Wokdfn.—“N itro Cellulose Industiy.” New Yoik, 1911. 

Within recent years a large class of brilliant varnishes and enamels have been 
placed on the market, having as a basis soluble nitro cellulose (or pyrox) lin). 

The main eliminators were John H. Stevens and O. P. Amend. (See United States Patents, 
269,340, 269,341, 269,342, 269,343, 269,344, and 269,345. See Wilson and Storey, English 
Patent, 6,051, 1884; also United States Patents, 371,021, 372,100, and re-issue, 10,789, 1887.) 

The first modern lacquer formula consisted of soluble nitrocellulose 
(pyroxylin), 100 parts; amyl alcohol and amyl acetate, each 400 parts. Iso-propyl 
and iso-butyl and alcohols are also good solvents. Propyl and butyl acetates, and 
also amyl acetates, are the main solvents now employed. 

A typical modern lacquer and corresponding diluting medium or thinner is:— 

Lacquer. Thinner. 

Amyl acetate - - - - 45 oz. 40 o/. 

Pyroxylin - - - - - 55 „ 

Refined fusel oil - - - - 7 ,, 6 ,, 

Wood alcohol (97 per cent.) - - 24 ,, 35 ,, 

Benzine (boiling point, 62°) - - ^2 ,, 20 ,, 

71 ) - - 2(j ,, 27 ,, 

Hales’ formula was amyl acetate, 4 gals.; benzine, 4 gals.; methyl alcohol, 2 gals.; and pyroxylin 
(soluble nitro-cellulose), 2.5 lbs. 

Field’s formula for a pyroxylin resin lacquer was :— 

Amyl acetate ------ 50 gals. 

Spirits of turpentine - - - - - 25 ,, 

Methyl alcohol - - - - 25 ,, 

Pyroxylin and shellac ..... 37.5 lbs. 

Crane’s acetone oil lacquers consisted of:— 

Volatile ketones (acetone oil, B.P., 100-140 centigiades) - 50 gals. 

Wood alcohol - - - - - 50 ,, 

Pyroxylin .... - 200 lbs. 

He also used the following foimula: — 

Petroleum naphtha, or benzol - - - 20 gals. 

Volatile ketones - - 20-50 gals. 

Wood alcohol or acetone ..... 30-60 ,, 

Pyroxylin ....... 200 lbs. 

The pyroxylin was dissolved in the acetone oil, and the other ingredients were added in any 
convenient order. 

Fcrner’a formula for a thin and heavy lacquer consisted of:— 

Heavy. Thin. 

Nitro-cellulose .... 100 pts. 100 pts. 

Amyl acetate - - - 150 ,, 400 ,, 

Amyl alcohol - - - - 150 ,, 400 ,, 

Valenta uses 150 parts gun cotton in 1,000 parts acetone, and 2,000 parts each of amyl acetate 
and benzine. The liquid is clarified by decantation. 

These lacquers may be rendered fire-proof by the addition of calcium chloride, 
triphenyl phosphate, and similar substances. 

Dip Lacquers are colourless solutions of nitro-cellulose, containing six or 
seven ounces of solid matter to the gallon. Articles dipped in them become 
covered with an invisible coating of nitro-cellulose, which protects them from 
atmospheric oxidation. 

Pyroxylin Impregnation Paper.—Printed matter, such as engravings, are often immersed in 
pyroxylin solution. They thereby become covered with a transparent varnish which preserves the 
print. 

Bronzing Lacquers.—These consist of a nitro-cellulose solution which is 
used as a medium for the application of aluminium and bronze powder. Prepara¬ 
tions are on the market under the names of bronzine, silverine, gold paint, etc.; 
large quantities are used in the picture frame industry. Most of these liquors 
contain amyl acetate, and about 2.75 oz. of nitro-cellulose per gallon. Some¬ 
times resins amounting to J-iJ oz. per gallon are added to the solution. Also 
copals such as kauri or manilla are added. A well-known liquid consists of 5 per 
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cent, celluloid, 45 per cent, amyl acetate, and 50 per cent, methylated spirit, 
to which 5 per cent, camphor oil has been added. The bronzing liquors are 
stirred into this. 

Coloured lacquers can be made by stwring in aniline colours to the 
solvent. Such colours are auramine, chrysophenine, naphthol yellow, aurine, 
fuchsine, saffranine, vesuvin, magdala red, methylene blue, cyanin, Victoria blue, 
Bismarck brown, and for black spirits soluble nigrosines. Metallic colours are 
obtained by stirring in bronzing powders. White enamels are made by stirring 
in zinc oxide, carbonate, or sulphide into a solution of pyroxylin in amyl acetate, 
wood alcohol, camphor, fusel oil, and benzine. 

Heat-Resisting Bronzing Liquids. —Steam pipes, radiators, and similar 
metal surfaces cannot be covered with a purely pyroxylin coating, as it soon peels 
off. Consequently for such surfaces a boiled linseed and other dry oils are added 
in the proportion of three to five ounces per gallon. Also resins are added—these 
are slow-drying preparations. The following are typical formulse :— 


1. 2. 1. 2. 

Amyl acetate - - 40-50 35-45 Boiled linseed oil - - ... 46 

Fusel oil - - - 4-5 20-30 Pyroxylin - - - 2.75 3.0 

Wood alcohol, 97 per cent. 35*50 15*25 Mastic or Canada balsam - 1.5 

Benzine, 62 per cent. - 20-25 1520 Copal • - - ... 4 

,, 71 0 - - 15-25 15-25 Aluminium powder or bronze ... 10 


Kerosene-soluble bronzing liquors consist of 27 per cent, resin dissolved in 73 per cent, 
benzine (boiling point, 62°), with aluminium powder stirred in. 

Water-soluble bronzing liquids are on the market, containing £7.5 per cent, sodium silicate. 
The aluminium powder and silicate are stirred together immediately before use. Such liquids are 
used for silvering cheap toys, picture frames, and interior plaster work of buildings. 

Methods of Using Nitro-Cellulose. —All articles previous to the coating 
are well cleaned from dirt and grease, as for electroplating. The objects are then 
dipped into the lacquer which is contained in a tank. The articles are then drained 
at ordinary temperatures, and then are hung up in a drying room, preferably steam 
heated to about 45 degrees. The lacquer smooths itself in drying, and takes up its 
own drip. If upon drying the drip is not completely taken up, the lacquer is too 
heavy, and requires thinning. 

Preparation of Gilded Lace. —Daly’s process consists in first coating the 
lace with a collodion solution, then while moist, sprinkling the bronze over the 
surface. The excess of liquor is removed by a blower. 

Imitation Mother-of-Pearl Films.— Hahn (English Patent, 13,139, 1894) 
dissolves 1 part nitro-cellulose in 78 parts 90 per cent, alcohol and 21 parts 
ether, and adds 5-10 parts of sodium silicate. This solution, when placed on 
wood or paper and allowed to evaporate slowly at ordinary temperature* gives a 
sheen and lustre like mother-of-pearl, caused by the silicate particles cracking 
up into a multitude of fine fissures. 

Modifications of the process produce different colour effects. For example, potassium silicate 
and the addition of bronzing powders cause the appearance of fine colours. When fish scales or 
the dust on the wings of butterflies are dusted on the surface, very beautiful effects are stated 
to be produced. Finely powdered mica (made by mixing powdered mica with a 4 per cent, 
cellulose nitrate solution) produces a beautiful coloured bronze. 

Imitation Gold Leaf.— Gregory (United States Patent, 826,781, 1906) 
dissolves a quarter pound of soluble nitro-cellulose in one gallon amyl acetate, and 
mixes with 25 per cent, bronze. After thorough mixing, the preparation is poured 
over a liquid heavier than the bronzing solution, such as water, carbon tetra¬ 
chloride, or glycerine. The amyl acetate evaporates, and a thin metallic leaf 
is left on the surface of the water. 

Silver leaf can be produced by substituting aluminium powder for the bronze. 

This imitation gold leaf is stated to be sold as u Oriental Tissue,” and " Japanese 
Leaf.” It is stated that the above formula can be replaced by the cheaper solvent} 
amyl acetate, 45 per cent.;.refined fusel oil, 8 per cent.; and benzine (boiling point, 
i2*), 47 per cent. 

Kttrtz (French Patent, 398,028, 1908) obtains gold leaf by mixing together nitro-cellulose, 26.25 
parts; gold bronze, 20 parts; linseed oil, 3 parts; amyl acetate, 500 parts; benzine, 360 parts; ana 
methyl alcohol, 45 parts. The mixture is spread out into thin sheets and dried. 
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FERMENTATION INDUSTRIES 

I.—FERMENTS, ENZYMES, BACTERIA, 
MOULDS, YEAST, Etc. 

By G. Martin, Ph.D., D.Sc. 

Nature of Fermentation. —Fermentation is the decomposition of complex 
organic material into substances of simpler composition by the agency either of 
protoplasm itself, or a secretion prepared by it (Green). Those agents which bring 
about fermentation are called il ferments.” 

Most of the countless chemical changes which occur in the animal and vegetable kingdom— 
some of them of a truly wonderful nature—may be traced to the action of “ferments.” Such 
changes include processes of oxidation and reduction, putrefaction of organic matter, formation and 
splitting up of fats, ester formation, production of alcohol from sugar, etc. etc. 

Many of the oldest industries in the world’s history—the making of wine, beer, and vinegar, the 
souring and clotting of milk to form cheese, the tanning of hides—are dependent upon the action 
of ferments to which bacteria and other organisms or living tissues give rise. The same is also true 
of the fermentation processes employed in the extraction of natural indigo, in the preparation of 
coffee and cocoa, in the curing of tea and tobacco, and in the retting of flax. 

So far as technical chemistry is concerned, the most important “ferments” are those which 
cause the generation of alcohol from sugar and starch, and to which we ow-e the enormous alcoholic 
industries of to-day. Before giving particulars of alcoholic fermentation, we deem it advisable to 
give a brief survey of the other ferments, referring the reader for further information to the very 
numerous standard works on the subject, a list of which is given below. 

For our purpose “ ferments ” may be divided into two classes :— 

A. Unorganised Ferments or Enzymes. 

B. Organised Ferments. 

A. THE ENZYMES OR UNORGANISED FERMENTS 

LITERATURE 

C. Oppenheimer. —“ Die Fermentc.” 3rd Ed. Leipzig, 1910. 

C. Oppenheimer and C. A. Mitchell. —“Ferments and their Action.” Griffin, 1901. 

Reynolds Green. —“ The Soluble Ferments and Fermentation.” 1899. 

W. M. Bayliss. —“The Nature of Enzyme Action.” 1908. 

II. M. Vernon.—“I ntracellular Enzymes.” 1908. 

G. J. Fowler. —“Bacteriological and Enzyme Chemistry.” 1911. 

Buchner u. IIaiin.—“ Die Zymase-Garung.” Berlin, 1903. 

Slator. —“Studies in Fermentation,” Journ. Chem. Soc., 89 (1906), 128; 93 (1908), 
217; Slator and II. J. S. Sand, loc. cit. ; 97 (1910), 922. 

Harden and Young. —“The Alcoholic Ferment of Yeast-Juice,” Roy . Soc. Proc. , B. f 
77 (1906), 405; 78 (1906), 369 5 80 {1908), 299 ; 81 (1909), 336. 

Harden.— “Alcoholic Fermentation.” London, 1911. 

H. Euler.— “Allgemeine chemie der Enzyme.” Wiesbaden, 191a 

Enzymes are complex nitrogenous substances of exceedingly high molecular 
weight and similar in elementary composition to the albuminous substances. They 
are soluble in cold water, forming very slightly diffusible solutions, from which they 
may be precipitated by alcohol or ammonium sulphate as a white amorphous 
powder. In solution their chemical activities are weakened at 6o° C., while a 
temperature of ,8o° C. usually destroys them. When dried, however, they will 
often stand considerably higher temperatures. Their aqueous solutions rapidly 
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putrefy. In glycerol, however (in which they are soluble), they may be preserved 
for a considerable time. Antiseptics and strong mineral poisons, such as 
formaldehyde, phenol, strong mineral acids or bases, lead, copper, mercury or 
zinc salts, potassium cyanide, etc., destroy enzymes. Enzymes possess the 
remarkable property of attacking complex organic molecules, splitting them up or 
“hydrolysing” them into simpler substances, usually with the addition of water. 
They thus render soluble substances like starch, fats, albumen, etc. 

A similar hydrolysing action is caused by mineral acids or bases, or superheated water, and, 
according to Professor W. Ostwald, the enzymes merely accelerate actions which could occur, 
although slowly, under normal conditions even without the presence of an enzyme. The enzymes 
are thus regarded as “ contact substances,” as they themselves undergo but little change, a very 
small quantity of an enzyme being capable of hydrolysing enormous quantities of material. In 
certain cases ferments can also effect a synthetic process. Thus Croft Hill has been able to produce 
isomaltose by the action of the enzyme maltase upon dextrose: 2 C 6 H I8 0 e=C 1 aH 28 0 11 + H 2 0 . 
Emil Fischer and his co-workers have synthesised certain decomposition products of albumen by 
means of enzyme action, while Kastel and Loevenhart have synthesised ethyl butyrate by bringing 
together ethyl alcohol and butyric acid in the presence of the fat-splitting enzyme lipase. The 
researches of Croft Hill, Kastel and Loevenhart, etc., show that enzyme action is in many cases 
reversible . 


The enzymes are very widely distributed in the living world, b^th animal 
and vegetable, occurring in the saliva, in the gastric juices, in the pancreas, 
kidneys, blood serum, and plant juices. By their aid the foodstuffs are rendered 
soluble and digested. The enzymes are produced directly by living protoplasm 
cells from albumen and similar substances; once formed they may, as stated above, 
be removed from the plant or animal, and retain their activity for a considerable time. 

Each enzyme is characterised by its capacity of performing one specific 
chemical action, and they are most easily classified according to the actions 
they perform.* Thus we have :— 


i. Diastatic Enzymes, which dissolve insoluble carbohydrates like starch 
and cellulose, converting them into soluble sugars. 

The best known and most important vegetable enzyme is amylase (diastase), 
which occurs in malt (germinating barley) and other germinating seeds, and in 
many fungi. It occurs only in traces in the raw corn grain itself, but develops 
rapidly when the grain begins to germinate. 


It may be obtained by extracting green malt with cold water, and precipitating with alcohol 
or ammonium sulphate. It then forms an amorphous powder which is purified by repeatedly re¬ 
dissolving and reprecipitating, and by subjecting to dialyses. The product thus obtained possesses 
a varying composition, those preparations being most active in which the elementary composition 
(especially the nitrogen) approximates most closely to albumen. Thus we may get 


C 

H 

N 


44-52 per cent. 
7-6.6 „ 

9-16 „ 


S 

O 

Ash 


1 *2 per cent. 
33-23 
5-6 


Vegetable diastase rapidly dissolves starch, pioducing maltose; the optimum 
temperature is 4o°-6o* C.; at 8o° C. it becomes inactive and coagulates. In a 
dry condition it can stand a temperature of 150* C., becoming inactive at 158* 
(Hueppe). 

Ordinary vegetable diastase is undoubtedly a mixture of several distinct enzymes. One of 
these hydrolyses the starch to dextrines, and then stops its action. Another hydrolyses the 
dextrine* to maltose. 

It should be noted that ordinary malt contains in addition to diastase also ferments like glnease 
(maltase), invertase, and proteolytic ferments (see below). 

Saliva diastase (ptyalin) in saliva and pancreas diastase (amylopsin) behave similarly to 
vegetable diastase, but are apparently not identical with it. Inulase decomposes inulin; cytase or 
ceUnlase dissolves cellulose, destroying cell-walls and thus allowing diastase to attack the enclosed 
starch. 


* The nomenclature now gen rally adopted is to denote each enzyme by the name of the 
substance it especially attacks, w Lh the addition of the suffix “ase,” e.g., maltase is the enzyme 
which decomposes maltose, cellulate that which decomposes cellulose. 
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а. Inverting: Enzymes. —These transform sugars of the biose type (di¬ 
saccharides) into simpler sugars, usually hcxoses. 

Invertase or Sucrase hydrolyses cane-sugpr into aT-glucose and af-fructose; most rapidly at 
55°-6o° C. It is inactive at 75 0 C. It is contained in yeast cells, and may be obtained from them 
by drying at 105° C., extracting with water, and precipitating with alcohol; also contained in malt. 
Easily soluble in water and diffusible, and acts only in acid solution. May be heated when dry for 
one hour at I40°-150° C. 

Maltose or Glncase converts maltose into 2 molecules of glucose; occurs in malt and in many 
culture yeasts. Is difficultly soluble in water and can only be extracted from crushed and ground cells 
by leeching. Optimum temperature, 40° C. Destroyed at 50°-55° C. 

Lactase converts milk sugar (lactose) into ^-glucose and ^-galactose; occurs in milk sugar 
yeasts (S. Kefir) and some culture yeasts, never in brewing culture yeast. Does not diffuse or 
penetrate the cell wall. 

Melibiase, which is present in some bottom-fermentation yeasts and absent from most top- 
fermentation yeasts, splits melibiose into ^-glucose and ^/-galactose. Obtained by leeching dried 
cells with water ; cell diffusible. 

Trehalase splits trehalose, not diffusing. 

3. Ferments which decompose Glucosides.—Emulsin, contained in 
bitter almonds, decomposes the glucoside amygdalin into grape sugar, benzaldehyde, 
and hydrocyanic acid. Myrosinase, the ferment of black mustard seed. 

4. Proteolytic Enzymes. —These decompose the various soluble and in¬ 
soluble proteid substances (such as albumen, fibrin, etc.) into simpler bodies, such 
as peptone, etc., sometimes decomposing them into simple amido acids, such as 
leucin, tyrosin, aspartic acid, etc. 

Among these enzymes we may mention the pepsin of the mucous membrane of the stomach, 
which decomposes albuminous bodies into peptones, and is most active in the presence of 0.02-0.04 
per cent free IiCl; trypsin, the proteolytic ferment of the pancreas, which decomposes 
albuminous substances into leucin, tyrosin, and other amido-acids ; papain, of the papaw tree, acts 
on flesh. 

Yeast Endotryptase.—Optimum action occurs in 0.2 per cent, of IIC1 ; optimum temperature, 
4D°-45° C., destroyed at 6o° C. ; retains efficiency in yeast juice nine to fifteen days at 37* C., and 
converts yeast albumen into tyrosin, leucin, xanthine bodies, and passive albumoses, but not into 
peptones. 

5. Clotting: Enzymes, eg., rennet (lab, chymosin), which coagulates milk 
precipitating the casein, but leaving the milk sugar in solution. Prepared from 
stomach of calf by macerating with water. Also occurs in yeast cells. Destroyed 
at 65° C. (two hours); non-diasable. Thrombase, which coagulates blood; 
pectase, which produces vegetable jellies. 

б. The Lipases, which split up fats into glycerin and fatty acids. Occurs in 
the pancreas, also in various seeds, especially in castor seed. (See p. 93.) 

7. Oxidases, which oxidise various substances, eg., lac case, tyrosinase. 
Oxydase and cutalase occur in yeast cells. 

8. Enzymes, which decompose amides, eg., urase in urine, which splits up 
urea into C 0 3 and NH 8 . 

9. Alcohol Producing Enzymes, Buchner's zymase, secreted by 
yeast cells, which decomposes grape sugar, etc., directly into alcohol and C 0 2 . 

Zymase will not pass through the yeast-cell wall and hence can only be isolated by breaking 
down die cell wall This Biichner effected in 1897 by grinding up the living yeast cells with 
quartz sand and kieselguhr (infusorial earth) and then pressing out the juice in a filter press under a 
pressure of 400-500 atmospheres. The clear opalescent fluid rapidly ferments cane sugar, grape sugar, 
Mid fructose, but not lactose or mannitol. The action is not stopped by chloroform nor by passage 
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of the liquid through a Berkefeld filter, or dialysing membrane. The fermentation is a true alcoholic 
one, in that alcohol and CO a are produced in the same proportion as when living yeast is used. 
The same by-products—such as glycerol and succinic acid—are also produced. 

Zymase may be precipitated by alcohol-ether or acetone from its aqueous solution, 
and after drying is obtained as a white amorphous powder, which (even after 
prolonged keeping) when redissMved in water does not lose its fermentative power. 

It docs not appear lO be sensitive to the action of dry heat up to ioo° C., since yeast thus killed 
still contains the active ferment. Bdchner’s expressed yeast juice rapidly loses its alcohol-producing 
power on standing, the zymase being destroyed by another enzyme, which is capable of digesting 
albumen, namely, a proteolytic enzyme called endotryptase, which also causes the auto-digestion 
of yeast cells. The destruction occurs most rapid’y at 40°-50° C. 

R. Albert prepares his zymin or permanent yeast ( Danerhefe) by partially 
drying ordinary yeast, immersing in ten times its volume of acetone for fifteen 
minutes (which kills the living yeast), drying on filter paper, and well washing with 
ether, finally drying at 45 0 C. The white powder so obtained contains only dead 
yeast cells (with cell walls intact), and contains the zymase ferment uninjured. 
Consequently it will bring about vigorous fermentation, even after keeping for years. 

Albert’s process is interesting because yeast cells which have died in the ordinary way will not 
yield a juice capable of fermenting sugar. This only occurs when the cells are killed by acetone or 
alcohol (as above described), which at the same time acts as a preservative on the zymase ferment 
in the cell. It should be noticed that zymase certainly consists of several enzymes. Harden 
and Young have shown that when Buchner’s yeast juice is forced through a Martin filter it is 
separated into two parts, namely, a residue (colloidal and non-diasable), which remains behind, 
and a liquid, wh ; ch passes through the filter. Neither this residue nor the liquid which passes 
through are separately capable of causing alcoholic fermentation. On mixing them, however, 
a vigorous alcoholic fermentation is produced. Hence the alcoholic fermentation is due (1) to 
a colloidal, (2) to a crystalloidal substance. 

Harden and Young have shown that phosphoric acid is one necessary constituent of the dialysable 
(crystalloidal) substance taking part in the fermentative action. For every molecule of sugar which 
is broken down into alcohol and C 0 2 , a molecule of a comp’ex hexose phosphate (a compound 
of a sugar molecule with two of phosphate) is simultaneously formed, and this phosphate passes 
repeatedly through the cycle of changes represented in the following equations : — 

(i) 2QI I 12 Otj + 2 K 2 IIP 0 4 = 2 C 0 2 -f 2C, 2 II 5 OII + 2 H 2 0 + C 6 H 10 O 4 (PO 4 K 2 ) 2 . 

(2) C c H 10 O 4 (PO 4 K 2 ) 2 + 2II1O = C 0 H i2 O 6 + 2 K 2 HP 0 4 . 

The rate of fermentation by yeast cells and the factors governing it have been exhaustively 
itudied by Arthur Slator and H. J. S. Sand, see p. 239. 

B. ORGANISED FERMENTS 
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The chemical changes involved in the processes of alcoholic fermentation and 
in the putrefaction and decay of organic matter are due to the presence of minute 
organisms, which for convenience we group under the name “ organised ferments.” 

It was once thought that these chemical changes were brought about by the direct action of the 
living protoplasm of these organisms. It is now, however, almost universally believed that these 
minute organisms secrete enzymes, which by their “ contact” action bring about the various changes, 
and consequently that all such changes in realitx are a direct consequence of unorganised ferments 
or enzymes. 

The micro-organisms whose chemical activities are thus grouped under the 
general name of ‘‘Fermentation” are minute chlorophyll-free plants, belonging 
to the great family of “ Fungi.” So far as the fermentation industries are con¬ 
cerned, they may be di\ided into three groups: (1) Bacteria, (2) Moulds, (3) 
Yeasts. 

Bacteria (Schizomycetes) 

Bacteria are the lowest 
forms of vegetable life, and 
the smallest living organ¬ 
isms that we are acquainted 
with, often requiring a 
magnification of over 300 
diameters before becoming 
visible. They multiply 
either by splitting into two 
(/.e. by fission or cell- 
division—hence their classi¬ 
fication among the fission- 
fungi and their name 
schizomycetes) or by 
spore-formation, />., by 
the production of small 
protuberances, which 
eventually separate from 
the main organisation. 

These spores are often 
extraordinarily resistant 
towards heat, cold, want 
of nutrition, and even 
poisons. They germinate 
under favourable conditions 
into organisms similar to 
the parent organisms. ^ 1(i * ^°* Bacteria, \easts, Moulds, and Beggiatoa. 

Bacteria are colourless 

(devoid of chlorophyll) plants and possess an envelope or capsule consisting of 
cellulose or allied substances. They are monocellular organisms, existing as— 

1. Round cells (coccaceoe), often less than 0.001 mm. diameter. 

2. Rods (bacteriacerc), sometimes united into long threads. 

They are often provided with delicate threads— flagella or cilia—which serve as 
locomotive organs. 

Bacteria are very widely distributed in nature. In unnumbered millions they occur in the air, 
soil, and water. On account of their minuteness they are rapidly transported by the wind and 
blowing dust from place to place. Wherever food is plentiful they develop enormously, and thus 
it is that all dead plants and animals are rapidly consumed by them, undergoing, as the result of 
bacterial vital activity, the familiar phenomena of putrefaction and decay. Their must important 
function is the breaking down of complex organic substances into simple inorganic compounds, 
which are again available for plant nutrition. 
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Certain bacteria produce strong poisons as the result of their vital activity. For example, the 
ptomaines, or alkaloids of decay, which are found in putrefying flesh. Others are capable of 
producing chemical changes in tne bodies of higher living organisms, and in the case of specific 
diseases—(caused by “ pathogenic ” bacteria), such as cholera, typhus, diphtheria, etc.—generate 
poisons (toxins), which are the direct cause of the illness. Artificial cultures of these bacteria also 
produce those poisons which, if injected into an animal, set up the same symptoms of disease as 
if produced by the multiplication of the microbes within the animal. To defend themselves against 
such bacterial poisons, animals produce in their serum antidotal poisons known as “ anti-toxins”— 
which are probably enzymes—and use is made in Medicine of this fact in the curative treatment of 
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Fig. 81.—Acetic Acid Bacteria (Hansen). 
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disease. Thus the Farbwerke Hochst manufacture an anti-toxin from the serum of horse blood, 
which when injected into a patient cures diphtheria. Similar inoculating serums arc used in the 
treatment of plague and other diseases. Bacteria require as food certain mineral and organic 
material. Many require oxygen, while some are killed by it (“anoerobic bacteria”), others can 
develop both in the presence and in the absence of oxygen. There arc innumerable races of 
bacteria—quite as definite in character as animals or plants—and pure cultures of the individual 
races are made by methods in vogue in Ijacteriological technique, for an account of which the 
reader is referred to one of the special text-books dealing with the subject. See also Yeast. 


Most bacteria are destroyed by antiseptics. They arc also usually killed "by 

steam at ioo° C.; they are almost instantaneously 
killed by high-pressure steam. 

The following varieties of bacteria are of 
great use in the chemical industry :— 

Acetic Acid Bacteria* — These cause 
the oxidation of alcohol into acetic acid, thus: 



CH 8 .CH 2 OH + 2O « ch 8 .cooh + H 2 0 . 

Several varieties exist, such as Bacterium acetic 
Bacterium Pasteurianum , Bacterium Kiitzingi- 
anum , and Bacterium xylinum, etc. They grow 
in dilute alcoholic fluids (containing under 10 
per cent, alcohol), such as wine and beer, which 
contain the mineral and nitrogenous matter 
necessary for their nutrition. Continental 
varieties develop best at 3o 6 -35* C., and require 
oxygen. According to Mitchell (see Vinegar) 
English varieties flourish at 40°-43° C. As the result of their activity, a thick 
skin—known as the vinegar plant, or “ mother of vinegar ” —covers the surface 
of the fermenting liquid, sometimes to the depth of 1 in. It is formed of the 
extensively developed mucinous envelope of the cells, and consists principally of 
cellulose. The bacteria occur as short rods, 0.001-0,003* mm. in length, often 
attached together in chains by their mucinous envelope. They occur widely 
distributed in fermenting liquids wherever there is plenty of air. They are used 
technically for the manufacture of vinegar (which see, p. 3x5). 


Fig. 82. —Lactic Acid Bacteria 
in Sour Milk. 

(Bacillus Bulgaricus .) 
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Lactic Acid Bacteria* — These split up sugar into lactic acid, thus: 
C a H 12 O fl »2C 2 H 4 (OH).COOH, and are the cause of the souring of milk. Their 
optimum temperature is 3o°-5o° C., and being capable of developing at 50° C.—a 
temperature unfavourable for most other organisms—can easily be obtained as 
pure cultures. They occur on fruit, corn grains, malt, etc., and are cultivated 
extensively for the manufacture of Lactic Acid (which see, p. 317). 

Butyric Acid Bacteria ferments lactic acid (and, it is stated, sugar and 
other carbohydrates) directly into normal butyric acid, the change being accom¬ 
panied by the evolution of C 0 2 and H, thus: 2C 8 H 0 O 8 = C^H 7 .COOH + 2C0 2 + 2H 2 . 

Many varieties of these bacteria exist, occurring on fruit, and causing the souring 
of cut beet, spent malt, distillers’ wash, etc., the ripening of cheese, the rotting of 
wet potatoes, and the retting of flax. Certain kinds (e.g., B. amylobacter) dissolve 
cellulose. In the brewing industries the presence of butyric acid bacteria may 
cause great damage. The best known variety is the Bacillus butyricus > which con¬ 
sists of thin, motile rods, having an optimum temperature of 40° C, and flourishing 
in the absence of oxygen. (See Butyric Acid, p. 320.) 

Proteolytic Bacteria are used in the tannery in the “bating” or “puering” 
process. These bacteria produce digestive enzymes which have a solvent action 
on the fibres of the skin, rendering it more supple. They have been studied and 
described by Mr J. T. Wood (see Journ . Soc . Chem. Ind ., 1910, 29 , 666), who has 
successfully made use of a puer-substitute called “erodin’’ which consists of a 
culture medium of peptonised gelatinous tissue, with a special 
mixed culture of selected bacteria (see pp. 580, 581). 

Nitrogen-fixing Bacteria. — A number of 
bacteria exist in the soil, which cause the gradual fixation 
of atmospheric nitrogen, the oxidation of ammonia to 
nitrites, and of nitrites to nitrates. They are of the 
greatest importance to agriculturists. Two well-defined 
organisms convert ammonia into nitrites, viz., tlitroso- 
monas and nitrosococcus. The nitric organism, which 
oxidises the nitrites to nitrates, is a very small bacterium. Fig. 83.—Butyric 

. Other bacteria are used technically in the dairy, in the Acid Bacteria, 

preparation of indigo, tobacco, tea, etc., and especially in 

the modern method of sewage disposal, where the noxious substances are com¬ 
pletely oxidised to C 0 2 , water, etc., by special bacteria cultivated in the filter 
beds. Sulphur bacteria exist which absorb ELS and other sulphur-containing 
compounds, oxidising them to sulphates. A. Fernbach (pp. 314, 333) has produced 
cultures which give fusel oils (butyl alcohol) and acetone. 

Moulds (Hyphomycetes). 

These are more highly organised than bacteria or yeasts; they propagate from 
Spores (conidia), which develop into long threads of cylindrical cells forming a 
network known as mycelia* From these cells special seed-bearing organs—the 
hyphae or thalli —develop. The moulds derive their names from these organs. 

Moulds readily develop in sugar solutions, on moist bread, fruit, moist corn 
grains, wood, and even on damp walls. They act both as oxidising and hydrolysing 
ferments, and are, as a rule, not harmful. 

Among the more widely distributed moulds may be mentioned; Penicilliumglaucurn, a green 
mould 5 Aspergillus glaucus % likewise green ; Aspergillus niger % which appears dark. All these 
oxidise sugar, generating organic acids. They also contain enzymes, which hydrolyse starch and 
albumen. Two kinds of moulds— Citro-tnycts —are known which oxidise sugar (up to 50 per cent.) 
into dtric acid in the presence of CaCO s , and have been used technically for that purpose, but up 
the present without success (see Citric Acid, p. 374). 

Two moulds, Aspergillus Qryza (Japan) and Mucor (amylomyces) Rouxii (China), grow on rice, 
and are used for making sakd (rice beer) and arrak from rice (in the same way that we use malt 
for making beer from com grains), since they contain diastase (or a similar enzyme), which hydro- 
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lyses rice starch into fermentable sugars. They have been employed for this purpose in Europe 
(see Amylo Process, pp. 286, 249). The mould Mucos ratemosus splits sugar into alcohol and CO*. 

Yeasts (Saccharomycetes) 

The yeasts are single-cell fungi, more highly developed than bacteria, but less 
developed than moulds. They propagate by the formation of small daughter cells 
or buds, which are extruded from the parent cell—hence their name “budding 
fungi.” Some yeast fungi have been observed to propagate by fission. Many 
species form endospores under special conditions, while other species do not 
possess this capacity. Yeasts will only develop in media containing sufficient 
nitrogenous anil mineral food for their nutrition. 

Alcoholic Fermentation. —Yeast fungi decompose sugar into alcohol and 
carbon dioxide, according to the equation: C 0 H 12 O tf = 2C>H 6 .OH + 2CO0. The 
monosaccharides (hexoses)—dextrose, laevulose, mannose, galactose—are thus de¬ 
composed by all true yeasts. The disaccharides—cane sugar and maltose—are not 
directly fermented in this manner, but have first to be hydrolysed into mono¬ 
saccharides by enzymes contained in the yeast. Milk sugar is only fermented 
by a few yeasts which contain the enzyme lactase. Most yeasts do not contain 



enzymes which hydrolise starch and cellulose, and hence these substances have 
to be converted into sugars by diastase (<?.£*., in malt) before yeasts can ferment 
them into alcohol. See p. 239 for Rate of Alcoholic Fermentation. 


Only about 95 per cent, of sugar is transformed by alcoholic fermentation into C 0 2 and alcohol, 
for about 5 per cent, of by-products—such as glycerol, succinic acid, fusel oils, and higher alcohols— 
are produced as the result of the vital activity of the yeast cells. Thus, accmding to Pasteur, 
100 parts of glucose yield on fermentation :— 


Alcohol - 

- 

- 

- 48.4 

co a 

- 

- 

46.6 

Glycerol - 

- 

- 

3-3 

Succinic acid 

- 

- 

0.6 

Fusel oils and cellulose - 

- 

- 

1.1 




100.0 


It is traces of these by-products which give a characteristic taste and smell to different alcoholic 
liquors. From grape juice (must) we get the scenty “ wine oils” which give a “bouquet” to the 
wine. Potato staren yields unpleasant smelling “ fusel oils.” See pp. 251, 298, 314. 

A. Fernbach has obtained cultures which produce fusel oils and acetone (see pp. 314, 333). 

Enzymes contained in Yeast (see p. 221).—The yeast cell is surrounded 
by a thin wall of cellulose and pectose, The living protoplasm enclosed within this * 
wall secretes several enzymes, some of which are capable of diffusing through the 
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wall (and hence may be extracted by water or solvents), while others cannot do so, 
and can only be obtained by rupturing the cell walls and extracting. Such enzymes 
are called “intracellular” or “endo-enzymes,” and obviously can only exert a 
chemical action on substances capable of diffusing through the cell wall into the 
living protoplasm. 

The following enzymes occur in yeast (after Emil Schlighting):— 

1. Hydrolysing Enzymes:— 

(<*) Sugar Splitting. —Invertase, maltasc, lactase, melibiase, raffinase, trehalase, 
diastase, and a glycogen-splitting yeast which plays an important part in seif- 
fermentation or auto-digestion of the yeast cells. These enzymes have been 
treated on p. 221. 

(if) Proteolytic. —Endotryptase. Plays an important part in auto-digestion of yeast 
cells. For properties, see p. 221. 

(c) Coagulating. —Rennet, obtained by extracting yeast cells with CHC 1 3 under 
pressure at 6o° C. 

2. Oxidising. —Oxydase, catalase. Destroyed at 60 -65° C. 

3. Reducing Enzymes. —Optimum temperature, 40° C. 

4. Alcohol-producing Enzymes — Zymase. —This directly splits up sugar into alcohol and 
C 0 2 , and is the cause of the alcoholic fermentation produced by yeast. Described p. 221. 

Chemical Composition of Yeast. —The following analyses are typical of ash-free dry yeast 
substances (different samples vary):— 

C H N 

Top Yeast ..... 48.6 6.8 11.5 

Bottom Yeast - -» 45.0 6.7 8.7 

Old yeast is poorer in N. Moisture, 75-83 per cent. ; S, 0.39-0.7 per cent. 

Yeast Ash varies from 2.5-11.5 per cent., and consists, approximately, of:— 

KII a P 0 4 +K 2 HP 0 4 = 8 i .6 per cent, (top) to 68 per cent, (bottom). 

— 16.8 ,, ,, 22.6 ,, ,, 

Ca 3 (P 0 4 ) 2 ~2 .3 ,, ,, 9* 7 »> »» 

/\j O t , 54-59 per cent. ; K a O, 28-40 per cent. ; MgO, 6.-8 per cent. ; CaO, 1-4 per cent. Small 
amounts of chlorides, sulphates, etc. 

Structure and Life Conditions of Yeast.—The ordinary beer yeast consists 
of minute egg-shaped single cells, about 0.01 mm. diameter. The cell consists of 
protoplasm enclosed by a cellulose cell wall and containing a spherical or disc-shaped 
nucleus, which can be made visible by staining. Vacuoles appear at the end of 
fermentation filled with a low-refractive fluid, also “granules”or “oil-drops”appear 
consisting of highly-refractive round or angular bodies. Besides vegetative propaga¬ 
tion by budding, yeast also forms endospores under special conditions, the cell 
dividing into two to four spores which then germinate into new yeast cells. The 
spores of “ culture ” yeasts appear to be empty , while the spores of “ wild ” yeast are 
strongly refractive. Hansen has used the different spore formation to differentiate 
between the various types of culture and pure yeast. 

Yeast is killed when heated in water to 75 0 C., but when dry will stand a 
temperature of +ioo° C. to - 130° C. Cooling for months is not detrimental to 
yeasts. Drying in a finely divided condition kills yeast after a few days. Yeast 
causes alcoholic fermentation between o° C. and 50° C. The optimum temperature 
is 28 # -34 # C. Yeasts retain their vitality longest in a 10 per cent, sucrose solution. 
Samples have been kept alive for over twenty years (Hansen) in this solution. 
A 22-25 P er cent. sugar solution is completely fermented by most yeast races, but 
they refuse to grow in a 60 per cent, sugar solution. Yeasts require for their growth 
certain organic and inorganic salts, such as nitrogen compounds (amides, peptones), 
phosphates, sulphates, potassium, and magnesium salts—such are invariably found 
in grape juice and beer wort. Hence, although yeast will cause fermentation in 
& pure cane sugar solution, yet they cannot grow in this solution as the necessary 
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food stuffs are wanting. The presence of oxygen is also necessary in order to 
stimulate the first growth of yeast—hence the practice of blowing air through 
growing yeast. 

Alcohol poisons yeast. In a solution containing only 5 per cent, by volume of alcohol, most yeasts 
cease to propagate. The enzymes in the yeast cell, however, are not much affected by this amount 
of alcohol, since some of the more powerful yeasts will generate a solution containing 1S-19 per cent, 
alcohol, while .wine veasts have been known to ferment the solution until it contains 19 or 20 
per cent, of alcohol. Nevertheless such yeasts cease to propagate in a solution containing more 
than 10-12 per cent.of alcohol. Distillery yeasts in concentrated mashes produce a solution 
containing usually 10-12 per cent of alcohol. Fermentation is not likely to progress in a solution 
containing more than 20 per cent, by weight of fermentable matter. 

Among yeast poisons are mercuric chloride, copper sulphate, phenol, formaldehyde, salicylic 
acid, hydrofluoric acid, sulphurous acid, carbon disulphide, chloroform, ether, and “antiseptics” 
generally (see p. 241). Free acids (especially the volatile fatty acids) and bases also exert a 
deleterious effect on yeast. Yeast, however, will bear the presence of a considerable quantity of 
lactic acid (see p. 235). 

The Chief Yeast Races. —An enormous number of different races exist, 
each characterised by producing alcoholic liquors of different flavours and 
characteristics.* We may divide them into two great classes:— 

(a) Culture Yeasts, eg., S. cerevisice , 5 . ellipsoideus . 

(b) Wild Yeasts, eg., S. pastorianus . 


(a) Culture Yeasts 

Culture yeasts have been cultivated for long periods of time in the fermentation 
industries, and consequently have acquired characteristics which make them 
especially valuable for the production of alcoholic liquors. 

We may classify culture yeasts thus:— 

Saccharomyces cerevisice .—Top (high) yeast; bottom (low) yeast. 

„ ellipsoidcus. —Ferment of wine. 

All these yeasts ferment the monosaccharides, also cane sugar and maltose, but 
not milk sugar. 

Beer yeasts, distillery yeasts, compressed yeasts, and bakers’ yeast all belong to 
the genus called Saccharomyces cerevisia, while yeasts for making wine belong 
to another genus, Saccharomyces ellipsoideus . 

A yeast used for beer (brewery yeast) must generate certain substances 
possessing a characteristic aromatic taste or odour. It must also readily 
separate from the fluid, leaving a clear, bright liquid. A distillery yeast, on 
the other hand, must have a high fermenting power, in order to produce the 
maximum quantity of alcohol. A baking* yeast should be rapid in action, and 
generate a large amount of alcohol and C 0 2 in order to “ raise ” the dough. It 
should be noticed that a brewers’ yeast is quite unsuited for use in a distillery, and 
vice versd . 

Beer Yeasts, Brewery Yeasts. —These must clarify well, raise a good 
head, and generate a pleasant taste in the beer. Two well-marked varieties of these 
occur, namely, top-fermentation and bottom-fermentation yeast. They 
are sometimes called “high” and “low” yeasts respectively, the reference 
here being to the temperatures at which fermentation is carried on with them. 
The high or top-fermentation yeast is used to ferment infusion beers, and 
is the variety used by English brewers. They rise to the surface of the 
fermenting liquid, and grow best between 28°-34° C. The low or bottom- 
fermentation yeasts is the variety which brewers of lager beer (Germany and 
U.S.A.) employ in the fermentation of decoction worts. They settle at the bottom 
of the fermenting liquor and ferment at a low temperature of 4°-io # C. 


# Many wild yeasts do not cause alcoholic fermentation at all. 
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When working with this low temperature, fermentation proceeds much less rapidly than with 
high yeast; growth and reproduction proceed more slowly, and the budding gives rise to less 
extensive colonies of cells; but the beer thus produced is usually richer in CO a than that produced 
at a higher temperature. 

The following are the chief brewery yeasts :— 

Top Yeasts. —Saccharomyces ccrevtsice , Hansen, from English and Scotch breweries, a vigorous 
beer top yeast. Yeasts for making English Porter, Stout, Ale, Berliner Weissbiere, Lichten* 
hainer Beer, Braunbiere, Malzbiere The Institute for Garungsgewerbe at Berlin breed two 
“top” yeasts, namely “ Hefe A,” a weak fermenting yeast, and “Hefe B,” a powerful 
fermenting yeast. 

Bottom Yeasts.— The following are the two chief types of German “bottom ” yeasts: (i) Hefe 
“ Frohberer ” ; (2) Hefe “ Saar.” Between lie many intermediate varieties. Hansen (Copenhagen) 
cultivates Carlsberg Bottom Yeast X, which produces a very stable beer, not readily clarifying, 
and Carlsberg Bottom Yeast 2 , producing a beer not so stable as from 1, but clarifying more 
readily. 

Distillery Yeasts. —These are top-fermentation yeasts. Distillery yeasts 
must cause a quiet but rapid fermentation, with formation of a high percentage of 
alcohol. They must be able to withstand a considerable amount of free acid, 
since the fermentation usually proceeds in fairly strongly soured solutions. It is 
not necessary that they should clarify well and raise a good head—in this they 
differ from brewery yeasts, where these are points of great importance. 



The most important pure distillery yeast is Race II., Berlin, which was isolated in 1889 
from a distillery in West Prussia. Suitable for fermenting highly concentrated mashes, possesses 
great power of resistance to high alcoholic content. For distilleries which ferment molasses and 
sugar refuse, characterised by a high percentage of various salts, the best yeasts to use are certain 

wine yeasts. 

Yeasts for Manufacturing “ Compressed Yeast.” — “ Compressed 
yeasts ” are used by bakers for incorporating into dough. The C 0 2 gas generated 
by the fermentation, and also the alcoholic vapours when in the oven, puff up the 
bread and make it light. Bakers’ yeast must have a pleasant taste and smell, 
develop rapidly and generate much C 0 2 and alcohol. It should also not be too 
sensitive to acid. Berlin Race V. is largely used for the manufacture of 
compressed yeast, also Berlin Race XII. is very suitable. 

Wine Yeasts. — All belong to the species Saccharomyces e/lipsoideus. 
These are found in very large quantities on ripe grapes, whence they get into the 
expressed grape juice or “must” and by fermenting the grape sugar present, 
convert it into wine. 

An enormous number of distinct races occur, each one producing a wine of a different flavour. 
Each different wine district, in fact, possesses characteristic and distinct races of Saccharomyces 
eUipsoiden$ > and thus it comes about that wines from different districts, and even wine from the 
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Mime district but from different uneyards, can be readily distinguished by experts merely by their 
various tastes and bouquets. 

Strictly speaking they arc “wild” ) casts, since they occur free in nature, and have not, until 
quite recently, been systematically cultivated like brewery and distillery yeasts. Recently, however, 
pure cultures have been grown, capable of producing wine of definite specific characteristics. We 
prefer, therefore, to discuss their properties here as “ culture” yeasts. 

Saccharom\tes cllipsoideus , T. Hansen, is a wine yeast, found by Hansen on the 
surface of ripe giapes in the Vosges district. The cells have an ellipsoidal shape. 
It is a bottom yeast, and ferments saccharose, dextrose, laevulose, and maltose, but 
not lactose. The different races of this variety not only produce wines of very 
different tastes and bouquets, but also exhibit very important differences as regards 
the amount of alcohol produced, and the way in which the fermentation proceeds. 
Some of these races actually manage to exist in a 60 per cent, sugar solution—a 

property made use of in the production 
of “Melton Wine.” In concentrated 
sugar solutions they produce much 
more alcohol than the species Saccha- 
romyccs cere vis ice. In some cases they 
produce liquids containing 20 per cent, 
of alcohol (see p. 244). 

Other Yeasts. — Saccharomyces 
pyrifonnis (Marshall Ward) produces 
alcoholic fermentation of English gin¬ 
ger beer. Used in conjunction with 
the “ginger-beer” plant, Bacterium 
vermiforme . Saccharoviyces mail , I)u 
Clauxi, Kayser, from cider, ferments 
invert sugar and produces esters 
(bouquet). 

Sch izosaccharomyces / o m b e, the 
yeast in pom be (Negro millet beer), 
ferments dextrose; used in South 
American distilleries; Schizosaccharo- 
mvees mellacei , in Jamaica rum. 

(b) Wild Yeasts 

The “ wild ” yeasts occur free in 
nature; they are not cultivated systema¬ 
tically like ordinary brewery or distillery 
yeasts, usually because they possess un¬ 
pleasant characteristics and, indeed, 
Hansen'* Method. (J. Griffin & Sons, London.) often set up various “diseases” in 

beer, or affect the fermenting power of 
infected yeasts. Thus S, pastorianus /. produces a bitter taste in beer, while S. pastor! 
anus III \ produces cloudiness. They occur as sausage-shaped cells. Saccharomyces 
cliipsoideus II, Hansen, is a dangerous disease yeast for breweries, causing turbidity. 

The “ Kahm” yeasts {Aakm Hefe ), e.g., Mycoderma cerevisut and vini, consisting of round or 
elongated cells, form a skin on the surface of the fermenting liquor. They require oxygen; and 
can produce from sugar a small percentage of alcohol, but usually oxidise the alcohol directly to CO* 
and water, with the rapid absorption of oxygen. S, exiguus (from compressed yeast) ferments 
monosaccharides and cane sugar, but not maltose. S. apiculatm also ferments only monosac¬ 
charides. Both are useless for the brewery. S. ilicis (bottom yeast) and S. aqnifolii , Gronland, 
produce a bitter and disagreeable taste in worts. 

S. membranafaciens , Hansen, found in wines and polluted waters. Generates acids from sugar. 
Propagates in presence of 12 per cent, alcohol. Destroys the bouquet of wines. 

Certain Moulds also possess the power of fermenting sugar, e.g ., Mu cor racemosus (see under 
Moulds). 


1 * reudenreith 
Flask. 




Jldttehcr Moist 
Chamber. 



Fu;. 86.—Apparatus for Pure Yeast Culture. 
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Pure Cultivation of Yeast 

Hansen’s Method of Pure Yeast Culture from a Single Cell.— The 

individual yeast cells in a drop of fresh yeast are separated by thoroughly mixing 
twice in succession with sterilised water contained in Freudenreich flasks (see Fig. 86). 
A drop of the mixture is then transferred to a Freudenreich flask containing liquefied 
wort gelatine, and thoroughly mixed. A drop of the wort gelatine mixture is then 
spread in a thin layer on a squared microscopic cover-glass, left until set under a bell 
jar, then placed, gelatine film downward, over small moist chambers, called Bottcher 
chambers, containing a drop of water at the bottom of the cell. The slide is 
examined under the microscope and the positions of a number of individual yeast 
cells, which are several millimetres apart from other cells, are carefully marked. 
The culture is then kept in an incubator at 20° C. (68° F.). Each cell develops 
into a colony of cells. When the colonies are large enough a pure culture in 
sterilised wort is obtained by inoculating from each separate colony nutrient sterilised 
wort contained in a Pasteur’s flask. In this way an absolutely pure culture is 
obtained from a single cell; these separate cultures are then examined as to theii 
action on wort and the most suitable species selected for use in practice. The 
culture yeast is then transferred to larger quantities of a nutrient woit. The pro¬ 
duction of large quantities of pure cultivated yeast is accomplished in special pure 
culture apparatus (see below). 

Lindner’S Method of Drop Culture is a slight modification of Hansen’s. 
He dips a pen into the diluted yeast, and draws a line 
with this on the under side of a sterilised microscopic 
slide, which is then fastened by means of vaseline on 
the hollow moist chambei for observation under the 
microscope. As the individual cells develop they are 
used to inoculate larger quantities of sterilised woit 
contained in Pasteur’s flasks, as in Hansen’s method. 

The method is easier than Hansens, and the yeast 
cells can be more easily recognised. 

Apparatus for the Industrial Production of Pure Culture Yeast 

Hansen’s Apparatus. —The apparatus consists of three parts, viz.: (1) The 
air-pump a with the air reservoir b. (2) The wort cylinder r>. (3) The fermenta¬ 

tion cylinder c (see Fig. 88). 

By means of the pump a air under a pressure of 3-4 atmospheres is forced 
into the air reservoir it, which is provided with a manometer and a safety-valve. 
The wort cylinder n is now sterilised with high-tension steam from the brewery 
boiler, which drives out all contained air through the pipe //, the end of which is 
covered by water in 0 . Next, the compressed air from b is allowed to rush into n, 
passing on its way through the cotton-wool filter ;//, which removes all germs. 
Boiling wort is now run into d through the pipe u. The wort is cooled to the 
proper temperature by means of a pipe which sprays cold water over the surface 
of d. The proper amount of sterilised air for aeration is introduced through the 
cotton filter w. The fermentation cylinder c is now sterilised in exactly the same 
manner as d by means of tension steam, c is also supplied with sterilised air 
through the cotton wool filter#, while a glass tube ff y connected with the cylinder 
by the pipes e and h , allows the level of the wort in c to be readily ascertained. 
A small pipe j and an indiarubber tube allows a small amount of pure yeast 
culture from a Pasteur flask to be introduced when required into the sterilised 
wort in c. The introduction of yeast need only be made once, when it develops 
in the wort and gives a continual supply of yeast for a year or more. The outlet 
tap l is arranged so that no infection from without can enter the interior of c. 
To ensure against this danger a considerable pressure of air in c is always present. 
The tube kk places the cylinders c and d in communication, and allows the transfer 

18 



1 n«. 87.—Lindner’s 
Method of Drop Culture. 




txn us ik l i l ar/L\ns tr y 


- 3 ^ 


of sterilised wort from d to c as required. When the level of liquid in c (as seen 
by the glass tube //) nearly reaches j, the tap k is turned off, the yeast culture 
added through j, j is shut, k opened again, and the addition of wort from D 
continued until c is nearly filled (up to a mark on the glass tube), and the mass 
well stirred by the rousers bbb. In this way about 220 litres of wort is placed 

under fermentation, with an ab¬ 
solutely pure yeast culture. After 
about ten days the beer formed 
is drawn off through the outlet 
tap /, compressed air being 
simultaneously allowed to enter 
through the filter g. 

This operation is carried out 
as follows : First of all some of 
the dregs are allowed to run out 
through /, then / is closed, wort 
added until c is again filled to 
the mark (as seen in the glass 
tube //), stirred, and then 27 1. 
of beer and yeast are run off 
through /. More wort is added, 
stirred up, and another 27 1. 
lun off. The volumes run off 
are indicated by marks on the 
‘ glass tube ff. The 54 1 . of 
yeast liquid so obtained con¬ 
tain enough yeast to ferment 8 
hectolitres of wort. The rest 
of the yeast, still contained in 
c, is allowed to ferment another 
220 1. of wort from c, and can be again drawn off as befoie. In this way a con¬ 
tinuous supply of pure yeast culture can be obtained from c. 

Lindner’s Small Pure Yeast Culture Apparatus.— This is capable of 
producing i kg. yeast. The apparatus consists of a cylinder a and a flask u, which 
is connected up through the safety bottle c with an ordinary filter pump i>. 50-601. 



Ho. 88.—Hansen’s Apparatus for Pure Yeast Cultuie 
(By permission of The Review Press Ltd. Worn 
Jorgensen’s “Puie Yeast Management.") 



of wort are sterilised in a and caused to ferment by a pure yeast culture contained 
in b, while air is sucked through the apparatus by means of d, a and b being joined 
up together for the purpose. The incoming air is sterilised by passing through 
a sterilised (at i5o°-i6o° C. in air oven for two hours) cotton-wool filter attached 
at a 2 , f 8 is another such cotton-wool filter to prevent infection reaching b. 
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Lindner’s Large Pure Yeast Culture Plant —This consists of the large 
sterilising and fermentating copper cylinder a and the culture yeast flask b (or c). 
A number of tubes lead into a, by means of which steam, water, wort, or air can 
be introduced. The contents can be agitated by means of a sterilised air blast 
which is passed in through the coil d. The wort in a is sterilised by tension steam, 
cooled, impregnated with pure culture yeast from b, and, when sufficient yeast has 
grown in a, the contents are emptied through / and e, leaving, however, sufficient 
fluid in the apparatus to fill b, so as to have a supply of the same kind of yeast 
so as to start the operation over again when \ is again refilled with sterilised wort. 



Fig. 90. —Lindner’s Large Pure Yeast Culture Plant. 
(Manufactured by F. W. Pest, Berlin.) 


Hansen was the first to introduce the production and application of pure culture yeast in bottom* 
fermenting breweries, and his methods have abolished all empiricism and replaced it by absolutely 
safe working methods in practice. 

Jorgensen since 1885 has applied the pure culture of top-fermenting yeast, but the success in 
practice has not been so marked as with the bottom-fermenting varieties (see under Beer). 

It should be noticed that pure culture alcohol yeast is not only free from all disease-producing 
germs, but consists of one single species only . It is used as a “ pitching” yeast in the brewery. As 
soon as the biological tests and control show any deterioration of the pitching yeast, it is discarded 
and is replaced by the new pure culture yeast, which is kept continually growing in the pure culture 
apparatus. The pitching yeast is thus periodically replaced by pure culture yeast. Nevertheless, 
in the course of time the pure culture yeast itself may begin to degenerate, owing to its progressive 
alteration into species of yeast exhibiting undesirable properties, the fermenting liquor developing 
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a flavour different to the normal one in this case. When this occurs it will he found that not all the 
cells degenerate simultaneously —some are unchanged. Consequently a sample of the yeast is taken and 
a dilution made, the individual cells being well separated from one another, and a comparative series 
of fermentations made with the different individual cells show that there are differences between 
these cells. Some of the new growths will show the newly developed disagreeable characters, but 
others will be found to be cells which have not changed their character. Pure single cell cultures are 
then made from the unchanged varieties, as previously described, and a culture obtained similar to 
the original. 


Manufacture of Compressed Yeast 


Bakers use yeast extensively for mixing with the dough. It generates C 0 2 and 
alcohol from the dextrose and maltose formed in the bread during the raising and 
kneading process. In baking, the alcohol assists the C 0 2 in causing sponginess of 
bread owing to its vaporisation* during the heating. Bottom-fermenting yeast is 
too slow in action and hitter for this purpose, while ordinary brewery yeasts (top) 
are also not suitable on account of their “hop” flavour. The species now used 
is a distillery top )east, and, being sold in a compressed state, is known as 
“compressed yeast.” 



Fid. 91.—Horizontal Mash and Acidifying Appaiatus for Compressed Yeast Manufacture. 
(GebrUdcr Sachsenberg, Rosslau in Anhalt, Germany.) 


Compressed yeast manufactories arc always grain distilleries, and, indeed, are 
the largest of this kind. Thus one of the largest compressed yeast manufactories 
in the world, Helbing of Hamburg, produces yearly 2,500 tons of compressed 
yeast, 25,000 hl.t of alcohol (100 per cent.) in the form of spirits, etc., and, daily, 
2,000 hi. of spent wash, which is partly used fresh as a cattle food, and partly 
sold in a dry state. The Fleischmann Manufacturing Company, U.S.A., is another 
enormous concern of the same kind. To show the magnitude of the industry we 
may mention that in 1904-5 Germany alone produced 36,730 tons of compressed 
yeast (1,350 tons being exported to England) and 482,000 hi. alcohol (100 per cent,). 


* Baking Powder is used as a substitute for yeast, a chemical generation of C 0 2 gas causing 
the dough to rise. 

A common baking has the composition : 34 sodium bicarbonate -!- 25 cream of tartar -f 40 starch. 
Use 15-20 parts to 500 parts flour. For cakes use 1 sodium bicarbonate + 2 cream of tartar +15 
flour, or 10 sodium bicarbonate + 7.5 tartaric acid+17 starch. In bread making sometimes dilute 
HC 1 (or calcium biphosphate) is mixed into the dough and then sodium bicarbonate is stirred in. 

A common “self-raising” flour is: 10,000 wheat flour+ 193 cream of tartar + 85 sodium 
bicarbonate. 

t 1 hi. as 1,000 litres as 220. t gallons. 
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Compressed yeast is produced by two different methods, viz., the “old" 
method, such as is used in ordinary distilleries, and the modern and more 
economical “aeration method.” 

Old Method for Producing Compressed Yeast.— A mixture of malt 
and 1-5 parts rye or wheat are mashed (sec under Spirits) at a convenient tempera¬ 
ture, so as to obtain as complete a transformation as possible of the starch into maltose. 
The mash is allowed to stand in the vat (Fig. 91) at about 35 0 C, the temperature 
most suitable for the production of lactic acid. The lactic acid bacteria rapidly 
multiply—in modern practice pure lactic acid bacteria are sometimes added—and 
a marked acidulation develops. The lactic acid organism is peculiarly sensitive to 
its own product, and ceases to develop after 1.5 per cent, of lactic acid has been 
formed. The presence of lactic acid prevents the undue development of bacteria 
and wild yeasts, also it peptonises the nitrogenous matters of the grains in the 
mash so as to render them available as > east foods. Sufficient acidulation being 
produced the mash is cooled to 25" C., >east is added, and fermentation allowed to 
proceed for ten to eighteen hours. 

When the yeast is “ripe"—/>., when it has ceased to grow*, and so is free from 
small daughter cells—and when most of the yeast has been forced to the surface of 
the liquid by the CO.,, the yeast is skimmed off from the surface of the liquid, 
filtered through fine gauze in order to free it from malt husks, etc., washed with 
cold water, and pressed in filter presses The mash remaining is allowed to 
ferment with the yeast still left in the liquid for about twenty-four hours longer, 
and then is distilled for alcohol. 

New Aeration Method of Manufacturing Compressed Yeast — 

This process makes use of the fact that yeast requires oxygen for its full develop¬ 
ment; it differs from the previous method in that clear filtered worts are used for 
fermentation so that practically all the ) east formed is isolated. 

The mash contains more maize and less rye than in the old process, and 
contains a considerable amount of the nitiogen-rich malt germ and green malt. 
The mash is allowed to sour (as beft re) with lactic acid, up to 0.6 per cent., at 
50" C-, is sterilised at 65° C\, filtered, cooled to 30° C., and pitched with yeast. The 
fermentation takes place in vats (big. 92) through which a continual and powerful 
stream of air is forced from perforated tubes at the bottom of the vat, while the tem¬ 
perature is maintained at 30° C. by a heating coil. After twenty-eight hours or so the 
sugar is all fermented, and the yeast ceases to grow, /.<?., becomes “ ripe ” and free from 
budding cells. The yeast is then separated from the clear fermented liquor, by 
passing through centrifugal machines (Fig. 93) (Laval separators), similar to those 



Fio. 92.—Modern Iron Fermenting Vat, showing best distribution of air 
for Aerated Yeast Manufacture. 

(Gebriider Sachsenberg, Rosslau in Anhalt, Germany.) 
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used for separating cream from milk, and is then pressed diy in filter presses, 
sometimes with the addition of starch. The clear residual mash is then distilled 
for alcohol (see Spirit Distillation). 

By this process 100 kg. of gram yield 23 kg. of good compressed yeast con¬ 
taining 70 per cent, water and 18 1 . of 100 per cent, alcohol. Under favourable 
conditions over 30 kg. yeast and 15 1 « alcohol are obtainable. The old process 
only produced 14 kg. yeast but more alcohol, \u., 28 1. 

Although the presence of air favours the development of wild yeasts and 
bacteria, the initial souring of the mash prevents their development to any serious 

extent, and “aerated” yeast is 
now quite as energetic a raising 
agent as the best yeast as 
manufactured by the older pro¬ 
cess. Nevertheless the mother 
yeast, from which the crop is 
raised, is usually bred by the 
older process. 

Formerly it was the custom 
to add to the yeast a certain 
amount of starch before press¬ 
ing, as a drier product with 
better keeping powers was thus 
obtained. The modern yeast 
races used, however, are now 
so improved that they are no 
longer “slim),” and are easily 
pressed dry; consequently 
starch is now no longer neces¬ 
sary. If added (especially if 
(or lowenng the price of the 
product) its presence and 
amount should be stated on 
the label. 

Compressed yeast will keep 
a long time when securely 
packed (best in tinfoil) and 
kept at 8°-i2° C. But when 
exposed to air or m warm 
weather it rapidly becomes 
stale and deteriorates. Com¬ 
pletely dried yeast will keep 
for years, but is lacking in fer¬ 
mentative power. The ultimate 
aim of the yeast manufacturers, 
namely, the propagation and 
growing of the yeast without 
the simultaneous production of spirits, has not yet been achieved, although it is, 
perhaps, a theoretical possibility. 



1<IG. 93.—Yeast Centrifugal Separator vsitli Steam Tuibine. 
(Made by Gebrtldcr Sacbsenberg, Rosslau in 
Anhalt, Germany.) 


Statistics. - 
quantity 1 
18,600 cwt. 

Germany produces annually about 800,000 cwt. of yeast. 



Of this 
Germany 
taking $55,000. 


Chemical Analysis of Yeast 

The yeast, which should ha\ e a pleasant aromatic smell, is first examined under the microscope 
(600-800 power), and the form, shape, and size of the cells observed. Old yeast differs in appear¬ 
ance from young yeast. The number of dead cells present are ascertained by adding to the solution 































238 


IND US TRIAL CIIEMIS TR V 


a diop of metli}! violet, eosin, or fuehsme in alcohol. Dead cells stain, hut living ones are unaffected. 
The presence of bacteria, etc., may he detected by their different shapes. Next, the detection of 
wild yeasts is carried out by using Hansen’s method of spore culture on blocks of sterilised gypsum 
(see Jorgensen’s “Practical Yeast,” p. 9). 

The difference between the spores of “cultuie” yeasts and “wild” >easts is so great that one 
quickly notices it on placing the slide under the microscope. The water and ash of a yeast are 
determined according to the standard methods of food analysis. 

The fermenting power of a yeast, f. e ., the rapidity with which it decomposes sugar, turning 
it into CO a and alcohol—is especially required for the valuation of compressed yeast. Mei ssl’s 
Method determines the weight of CC 2 which is generated by 1 g. of yeast within six hours at 30° C. 
from a solution in ordinary tap water of 400 g. pure sucrose, 25 g. ammonium phosphate, and 25 g. 
potassium phosphate. A yeast generating in this time 1.75 g. C 0 2 is stated to have a fermentative 
power = 100 and be a “ normal one.” 

Hayduck and Kusserow’s methods measure the volume of C 0 2 generated by a given quantity 
of yeast in a certain sugar solution. For details see the special woiks referred to above; also Dr 
Slator’s article below. 

The amount of starch present—which may vary from 5-50 pei cent.—is estimated 
in the usual way. 
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II.—THE RATE OF ALCOHOLIC FERMENTATION 
BY LIVING YEAST 

By Arthur Slator, I). Sc., Th.D. 
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The rate of fermentation by living yeast depends on certain factors which have 
been fairly accurately determined. An excellent account of the matter is given 
in Dr A. Harden’s monograph on “Alcoholic Fermentation” (London, 1911)10 
which the reader is referred for further particulars. 

A comenieul apparatus foi 
measuring such rates is shown m 
the accompanying figure. 

A glass bottle of about 150 c.c. 
capacity is fitted with a rubber bung 
and connected by pressure tubing to 
a mercury manometer which can 
register pressures from a vacuum to 
about 30 cm. of meieury. The 
apparatus can be exhausted and 
kept air-tight by means of a side 
piece and a stopcock. 

The fermenting solution is intro¬ 
duced into the bottle, and the 
apparatus is then exhausted. The 
little, which rests in a thermostat, 
is shaken at definite intervals of 
time, and the amount of fermenta¬ 
tion is measured by the change in 
pressure. To assist in the shaking 
twenty glass beads of about the size 
of peas are placed in the bottle. 

The apparatus can be calibiated by 
fermenting completely o. 1 g. dex¬ 
trose in the bottle and observing the 
corresponding change in pressure. 

The Rate of Fermentation 
of Dextrose. —The factors w hich 
influence this rale have been deter¬ 
mined by making up definite solu¬ 
tions of dextrose and adding yeast 
in known amounts. The liquid is 
transferred to the bottle of the 
apparatus and the initial rate of 
fermentation measured in the man¬ 
ner described. 

The rate of fermentation of dextrose is almost independent of the concentra¬ 
tion of the sugar if the solution is not too concentrated or too dilute. 



Thermostat APPARATUS TOR MEASURING. 

QftTE or fer mentation QL 


Fx«- 95- 


A Slator.— 
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The rate of fermentation is exactly proportional to the amount of yeast present. 

It can be shown that the diffusion of the sugar into the yeast cell takes place 
so rapidly that the yeast cell is efficiently supplied with sugar even at very dilute 
concentrations. 

The influence of temperature on the rate of fermentation is very great. The 
activity of a yeast cell is almost entirely dependent on the temperature, and it is 
possible to construct a table showing the activity of a yeast cell at various 
temperatures. 

The following table refers to a brewery yeast. The activity column gives the 
number of grams per second fermented by io 14 yeast cells. 

Temperature. Activity. Temperature. Activity. 

40 5.05 20 1.30 

35 .4*05 IS.0.68 

30.3.00 10.0.345 

25.2.08 5.0.14 

The Rate of Fermentation of Different Sugars 

Laevulose is fermented by various yeasts at the same rate as dextrose. 

Mannose is probably fermented by all yeasts which ferment dextrose, but the 
two rates differ—in some cases dextrose is fermented more rapidly than mannose, 
in other cases the reverse happens. 

Fresh samples of yeast ferment mannose more rapidly than dextrose, but by 
older samples the glucose is more rapidly decomposed. 

Galactose. —Only certain species of yeast are capable of fermenting this sugar, 
even though they ferment dextrose, laevulose, and mannose readily. The special 
interest in the fermentation of this sugar consists in the fact that even these special 
yeasts cannot ferment the sugar unless they have previously been acclimatised by 
growth in the presence of galactose. 

Sucrose (cane sugar) can only be fermented by yeasts which contain the 
enzyme “ Invertase,” which converts the sugar into dextrose and laevulose (invert 
sugar). Most culture yeasts contain this enzyme and are capable of fermenting 
sucrose as rapidly as dextrose. The invert sugar is produced more rapidly than 
it is fermented, and so accumulates in the fermenting solution. 

Maltose is fermented by yeasts which contain the enzyme “ Maltase.” This 
enzyme is also present in most yeasts used technically, and such yeasts ferment 
maltose almost as rapidly as dextrose. 

Lactose. —A few varieties of yeasts contain the enzyme “ Lactase ” and ferment 
lactose (milk sugar). 

Glycogen. —The autofermentation of yeast consists in the transformation of 
the glycogen in the yeast cell to alcohol and carbon dioxide. The rate of the 
autofermentation depends on the amount of glycogen in the yeast cell, which varies 
according to the age of the yeast. With fresh yeast the rate is about one-tenth the 
rate of the fermentation of dextrose, with older samples the rate may fall to one- 
fortieth of the value. 

Malt Wort —The rate of fermentation of malt wort (p. 273) during the first 
part of the fermentation is the same as that of dextrose. The temperature and the 
number of yeast cells are therefore the main factors which determine this rate. 

Malt wort contains the necessary food for yeast growth, and the amount of 
yeast increases for some time after seeding. The number of yeast cells depends, 
therefore, on the seeding and the growth which has taken place. Yeast growth 
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does not continue indefinitely but attains a maximum which was found by 
A. J. Brown to be approximately independent of the amount of the seeding. 

In all probability it is the changes in the medium caused by the yeast which determines this 
maximum growth. Thus the sugars which are necessary to yeast growth are transformed to 
alcohol ana carbon dioxide, both of which inhibit yeast growth, and when this transformation is 
partly completed the yeast growth stops. This explanation also makes it easy to understand how 
different seedings have little influence on the final crop. If we consider two worts seeded with 
yeast one ten times the amount of the other, then if these concentrations are small compared with 
the final yeast crop the growth in the first case from one to ten is accompanied by hardly any change 
in the medium. The two would then be almost identical and produce the same final yeast crop. 

The Retarding Influences of Antiseptics.-— Many substances, such as 
mercuric chloride, copper sulphate, phenol, salicylic acid, and many others, on 
addition to a fermenting solution, inhibit the reaction. These substances on 
addition in very dilute concentration are said to accelerate the reaction. It can 
be shown, however, that this acceleration is on the growth of yeast and not on the 
fermentation. 

Phosphates which have such a remarkable accelerating influence on fermentation 
by yeast juice have no such influence on fermentation by living yeast (see p. 222). 

Intermediate Compounds in Fermentation.— Chemists have long held the opinion that 
dextrose is first converted into some intermediate compound before the formation of alcohol and 
carbon dioxide. A compound of the formula C s H 6 0 8 has been suggested, and the fermentation 
equation then reads— 

f feHiaOg — 2C3H0O3 = 2C 2 H 6 OH + 2CO e . 

Lactic acid and dihydroxyacetone both have this formula and both have been suggested as 
possible intermediate compounds. The lactic acid theory has been abandoned owing to general 
recognition that it is not fermentable. The slow rate of action of yeast on dihydroxyacetone makes 
the second suggestion also improbable. 

See also Fernbach on “ The Mechanism of Alcoholic Fermentation/’y^r. Inst. Brewing, 1916, 
xxii., p. 354. See also Compt. Bend., 1913, X57, 1478; 1914, 158, 1719, where the question of 
the presence of pyruvic acid is dealt with. 
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Wink is an alcoholic fluid prepared without distillation by the fermentation of 
grape juice. The fermentation takes place spontaneously under the influence 
of special wine yeasts (Saccharomyces eIIiJ>soideus) which occur naturally on grape 
skins and in the air. 

The vine, Vitis vinifera , grows fieely in Europe, Asia, and Auieiica. It requires an average 
temperature of ro°-ii° C., and an average summer temperature of i 8°-20° C. ; while ripening it 
requires much sunshine in order that sugar may be formed. A climate with hot summers and 
severe winters is often very favourable for the cultivation of the vine. During the growth, rain is 
necessary, but when ripening only bright sunshine should reach the fruit. The weather has a very 
great influence on the growth of the vine. The soil is not so important, but warm loose soil— 
especially volcanic soil--is best. The soils must be ric h in potash. The best vines are grown 
along the banks of the Rhine, in Southern Italy, in the Cheek Islands, Spain, Austria, Southern 
France, Australia, Asia Minor, etc. France produces the largest quantity of wine, producing on an 
average 45,000,000 hi. annually, in value over 1,000,000,000 francs. Then follow, in order, Italy, 
Spain, Austria-Hungary, and Germany. In Asia Minor the vine is very extensively cultivated, 
but is utilised principally for the production of raisins (dried grapes). 

It should be noticed that grapes are used not only for the production of wine, but also for the 
manufacture of raisins (dried grapes), in the manufacture of genuine grape sugar, of cognac brandy, 
wine-vinegar, etc. From wine lees are obtained tartar and tartaric acid ; an oil is obtained from 
the seeds. 

The riper the grape the more sugar it contains, and the richer in alcohol the 
resultant wine; consequently the grapes are never gathered until perfectly ripe, 
when ; t then contains, usually, 15-20 per cent, of sugar, and in exceptional cases 
10-30 per cent, sugar. The sugar is a mixture of dextrose and laevulose, no 
sucrose (cane sugar) being present. The amount of free acid in the juice varies 
from 2.9 per cent, (unripe) to 0.9 per cent, (ripe), the acids being tartaric and a 
small amount of malic. 

Pressing the Grapes.—The hard and sour grapes begin to become soft and 
sweet towards the end of August; at the end of October or beginning of November 
the sugar is at a maximum, and the grapes are plucked and pressed. 

This latter operation is carried out by placing them in a wooden tub and 
stamping with a wooden maul or pestle to extract the juice. Sometimes they 
undergo instead a preliminary crushing by foot, other times they are ground in 
grape mills with wooden rollers. 
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If White Wine is required the juice is rapidly pressed away from the grape 
skins, stalks, etc., in special wooden presses. The best presses are the screw 
presses made of wood or cast iron. The clear juice runs through holes in the 
floor into the wooden fermenting vats. 

If Red Wine is required, the stalks are carefully separated from the grapes, 
which are then macerated, and the mass allowed to ferment. When this occurs 
the alcohol generated extracts the red colouring matter from the fermenting grape 
skins, and the liquid acquires the fine red colour characteristic of red wine. 
Simultaneously a considerable amount of tannic acid enters the fluid. 

It should be particularly noticed that purple or red grapes if pressed away from skins before 
fermentation yield a white wine. The red colour is only obtained when the skins are left in 
contact with the fermenting liquid for a suitable time—several days—and the liquid is then pressed 
away from the residual grape skins. 

100 parts of grapes yield 60-90 parts of must, as the grape juice is called. 
The richest grapes are the first to yield juice when placed in the press. The juice 



Fits. 96. -AVine Press. (Llewellins & James, Bristol.) 


obtained from the first pressing produces the best wine—the so-called “ first wine.” 
The second pressing, using greater pressures, yields a must containing more acid, 
and from this is obtained the “ press-wines.” The third pressing yields the “after- 
wines.” The residue or “marc” (German, Treber or Trester ) is sometimes treated 
with water to yield an inferior wine. 


1,000 parts of ripe grape juice (must) contain, on an average :— 

Water ------ S60-830 parts 

Sugar (dextrose and laevulose) - - - 150-300 ,, 

Pectin, gums, colouring matter, albuminous matter, etc. 30-20 

Ash .2.7-4 

100 parts of the ash contain :— 

Phosphoric acid - 16-14 „ 

Potash ------ 64-71 ,, 

Magnesia ....... 5-2.5 ,, 


Fermentation Of the Grape Juice.—The grape juice begins to spontaneously 
ferment within a few hours owing to the rapid development of wine yeasts. These 
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occur on the grape skins and stalks. They find their way naturally into the juice, 
and there rapidly develop, since the must contains a considerable amount oi 
nitrogenous proteid matter and mineral salts which serve as an excellent food for 
the developing cells. In the more southern countries the fermentation proceeds 
between i5°-3o° C. and is a top fermentation. Along the Rhine and in colder 
countries usually a bottom fermentation takes place at io°-ia° C. in special wine 
cellars. As in the case of beer, the higher the temperature of fermentation the 
more rapidly it takes place; the best products,'however, are obtained at moderate 
temperatures. 

The yeasts (see Wine Yeasts, p. 230) consist of various races of Saccharomyces 
ellipsoideus , and, naturally, those races which resist best a high alcohol and acid 
content come to the front and overpower inferior races. 

For many years pare wine yeast culture has been introduced into the wine industry. 
Wortmann proved that different wine yeast types yield very different products as regards taste, 
bouquet, and acidity. Nevertheless, the taste and bouquet depend very much upon the type of grapes, 
the soil, degree of ripeness, etc. etc. Pure cultures of the yeasts are always made from types found 
on the native grapes and in the resulting wines. 

Excellent results with pure cultures have been obtained by Wortmann in the manufacture of 
sparkling wines (see Champagne), the isolated races producing very little turbidity and depositing 
as sediment on the cork. A pure culture for the production of sweet wines has been introduced with 
success by Seifert. These cultures are distinguished by their resistance towards a high alcohol and 
sugar content Owing to the great variability of wine yeast types and the extreme shortness of the 
season of wine fermentation, the wine yeasts are not cultivated in large apparatus as in the brewing 
industry, but only in small quantities in special institutes, e.g., in Germany in the Staatlichen 
Vcrsuchsansta.lt zu Geiscnheim. The wine manufacturer propagates his yeast in about 12 1 . 
(3 gals.) of pure boiled must, and when this is in a vigorous state of fermentation, adds it to the 
bulk of his must. This latter must not be previously sterilised by boiling; as a rule, this occasions 
no inconvenience, for the added yeast develops so rapidly that it overcomes and suppresses not 
only undesirable wild yeasts, such as 5 . apiculatus , but also equally dangerous bacteria, especially 
acetic acid bacteria. Pure culture wines also clarify quicker and better than ordinary wines, and 
the bouquet of the young wine is generally better. 

The Principal Period of Fermentation lasts three to fifteen days, and 
sometimes longer. The fermentation takes place in large casks or butts, the bung 
of which usually remains open. A little air is required; much air causes the 
development of acetic acid bacteria and the souring of the wine. The half- 
fermented wine (and also the must) is often consumed locally early in November, 
especially in the Rhine districts. The fluid in this condition, however, will not 
keep, and must undergo a further period of fermentation. Consequently as soon 
as the first vigorous fermentation is over, an “ after-fermentation ” is allowed to 
take place for several months. If the wine is “ white wine,” the cask is now filled to 
the bung with young wine and allowed to stand in the cask in which fermentation 
has taken place. If the wine is red —if the fermentation has been allowed to 
proceed in the presence of the grape skins until their colouring matter has partially 
passed into solution—the wine is at this stage drawn off from the grape skins and 
run into other casks and loosely bunged. 

During this after-fermentation a sediment settles at the bottom and sides of 
the cask, consisting principally of potassium hydrogen tartrate (tartar) and 'yeast 
cells. The tartrate gradually crystallises out of the solution. This residue, called 
“wine lees,” is worked up for tartaric acid (which see). 

Storing and Ripening of Wine.— When almost all the sugar in the young 
wine has fermented into alcohol and carbon dioxide, and the liquid has stood until 
clear, the young wine is run off into large oaken wine-butts, tightly bunged up, 
and allowed to “ripen” in a cool cellar. This “ripening” is a very important 
process, making the wine drinkable, and giving it its characteristic “bouquet” 
and taste. The wooden walls are porous, and a small amount of oxygen filters in, 
while at the same time alcohol passes out and evaporates away from the wood* 
The volume of wine, therefore, slightly diminishes, and an air-space is formed over 
the liquid in the cask. If the air-space becomes too large it must be filled in, 
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otherwise fungi will develop. In order to diminish this loss of wine by evaporation 
attempts have been made to replace the wooden casks by non porous vessels, made 
of glass or cement; but such receptacles have always proved quite unsuitable. 

The bouquet is now gradually formed out of three different classes of sub¬ 
stances: (i) from pleasant smelling and tasting substances originally present 
in the grape; (2) from similar substances formed during the period of fermentation 
by the vital activity of the yeast; (3) from wine-fusel oils, which are higher alcohols 
and by-products of fermentations. 

The various alcohols and organic acids present gradually unite during the period 
of storage, and form pleasant smelling and tasting esters. The wine, however, does 
not continue to indefinitely improve with storage. It reaches an optimum, and 
then begins to deteriorate in taste, for the esters continue to increase while the 
alcohol content diminishes. Very old wine has a decidedly unpleasant, oily, sour 
taste. The ripening is sometimes accelerated by repeatedly drawing off the wine 
from one cask into another, and thus aerating it (Racking). 

During this period of ripening a turbidity appears in the wine, due to precipi¬ 
tating albuminous substances and yeast cells. Before the wine can be bottled it 
must be clarified in such a manner that, once bottled, it remains clear. This is 
achieved by adding “finings,” consisting of white of egg, gelatine, isinglass, ox 
blood, milk, or casein. These substances coagulate, and either sink to the bottom 
of the vessel, carrying with them all suspended matter, or rise to the surface, and 
are expelled through the bung hole. A better method of fining is to use a soluble 
sodium compound of casein (p. 79), dissolved in 10-20 parts of water. No flavour, 
precipitation complete. 

“Plastering,” or the addition of gypsum to the must, is said to improve the colour of red wines; 
the gypsum combines with part of the water, and increases the relative proportion of alcohol; this 
retards the fermentation and gives a longer time for the extraction of the colouring matter. 
Hence the improvement in colour. The calcium sulphate converts the soluble potassium salts into 
insoluble lime salts and potassium sulphate. Wine thus treated, therefore, not only contains gypsum 
but also potassium sulphate, and a considerable percentage of sulphates has injurious effects on the 
human organism. For this reason the addition of gypsum to wine should be condemned. 

Diseases of Wine. —Wine is subject to several serious defects or maladies; among these wt 
may mention : (1) The formation of Mycoderma vini, which occurs as a growth covering the wine 
after moderate exposure to the air. It destroys the flavour and renders wine flat. (2) The growth 
of Mycoderma aceti ’, which turns wine into vinegar. The acetic acid in normal wine should not 
exceed 0.2 per cent. (3) Bitterness due to various mould organisms and bacteria. All red wines 
are very liable to this disease. (4) The growth of the mould Oidium vini , which results in a 
mousy smell and the destruction of colouring matter. (5) Ropiness or viscidity, caused by the 
growth of organisms such as Pediococcus acidi lactici\ Bacillus viscoses , etc. The wine becomes so 
viscous that it can be drawn out like birdlime. The disease is due to the decomposition of the 
I*?*?? 111 ?* su 6 ar * nto n^nnite and mucilage. It develops in wines deficient in tannin and alcohol. 
(6) Foulness-- the development of an unpleasant smell, due to the formation of H 8 S, mercaptans, 
etc. Due to the presence of too much sulphur in the wines ; it may be produced by the excessive 
use of sulphur as an antiseptic, or by an excess of albuminoid matter in the wine. Storage at too 
high a temperature is a frequent source of disease. 

The best means of preventing the deterioration of wine is to preserve the most perfect cleanliness 
m all processes, apparatus, and vessels. In its initial stages the malady may often be checked by 
lowering the temperature of storage, or by running the wine into casks which have been thoroughly 
disinfected by burning sulphur in them or by rinsing with a concentrated solution of sodium bisul- 

S hite. The addition of other antiseptics, such as salicylic add or boric add, is reprehensive and 
1 many countries illegal. Pasteur introduced the process of “ Pasteurisation. ” The bottled wine 
is heated to 60 C. in special vessels. This kills the injurious fungi and does not harm the wine. A 
higher temperature than 60* C. destroys the fine taste. In many district* alcohol is added to wine, 
as a high percentage of alcohol confers stability. 

Improving Wines. —Only the very best varieties of wines are consumed 
unchanged as they come from the wine producer. Almost invariably wines are 
blended or mixed with other wines, chosen in such a way as to neutralise their 
defects. Thus sour wines are blended with sweet, wines with a poor aroma are 
blended with wines with a rich fine bouquet, thin wines with full bodied, etc. etc. 

# Tl* e following chemical methods of improving the quality of wine must and 
Wines are in use:— 

(a) Removal of Acidity. —Excess of acid in a wine is very detrimental to 
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its flavour. Chaptal’s method of reducing acidity is to add pulverised marble or 
pure calcium carbonate. 60 parts of free acid as a rule require 50 parts of calcium 
carbonate for neutralisation. If the acidity is due to tartaric and malic acid, the 
method is very successful, a part of the acid being precipitated as calcium tartrate, 
and the wine retains only a very small amount of the calcium salt. CaC 0 8 , however, 
is of no use in the case of acetic acid fermentation, since the calcium acetate 
formed is soluble and remains in solution. 

Sugar of lime (slaked lime + sugar water, decanted from undissolved lime) 
and neutral potassium tartrate are also used for removing acidity. The latter 
combines with the tartaric acid to form potassium bitartrate, which settles as an 
insoluble salt on the sides of the vessel. 

According to Gall, a normal must should consist of free acid 0.6 per cent., 
sugar 24 per cent., water 75.4 per cent. The total acid, calculated as tartaric acid, 
should be within the limits 0.4-1.5 per cent. 

( b ) Addition of Sugar. —Many wine musts are poor in sugar; this is 
especially the case in a wet or cloudy season. A good wine must should contain 
20-24 per cent, of sugar, and when deficient in this it is often the custom to add 
to the must the proper amount of invert sugar to bring it up to the 
standard. The addition of starch sugar (glucose) is not suitable, and is illegal 
in many countries. It has been found that 15 per cent, of sugar in the must 
produces 7.5 per cent, of alcohol in the prepared wine. Consequently the amount 
of sugar to be added, when the acid is in excess, is 2 parts for each 1 part of 
additional alcohol required in the finished wine. 

(c) The Addition of Alcohol. —The presence of a high percentage of alcohol 
in wine makes it stable. For this reason, Madeira, Sherry, Port, etc., before export 
have usually alcohol, in the form of brandy or spirits, added to them in such a 
quantity as to raise the alcohol content to over 20 per cent. Although certain 
wine yeasts are capable of completely fermenting a 30 per cent, must, yet it may 
be taken as a rule that wines containing more than 15-17 per cent, of alcohol have 
had alcohol added to them. 

From what has been said above it will be seen that the \aluc of a wine increases with the 
amount of alcohol contained in it, and diminishes— within certain limits—with the amount of acid. 

Chaptal’s Method (1800) of improving wines and wine musts was (a) to neutralise the 
excess of acid with marble (50 marble to every 60 of acid); {/>) to add sugar to the must in 
quantity sufficient to render the must normal, and thus restore the amount of alcohol to its proper 
amount in the finished wine (2 parts of invert sugar for every 1 part of alcohol required). 

Gall’s Method is to (a) reduce the amount of acid by diluting the must with water ; (£) to add 
the proper amount of invert sugar to render the must normal. 

An example will make this clear: Suppose a grape must contains 10 per cent, of sugar and 
2 per cent, of acid. To make it normal we should require the addition of sugar and water to it 
in such amount as to reduce the acid to (say) 1 per cent, and increase the sugar to (say) 20 per 
cent. Since 2 parts of acid are contained in 100 parts of must, we should dilute the volume to 
200 in order to reduce the percentage of acid in it to 1 per cent. Then 200 parts of the diluted must 
contain only 10 parts of sugar. Hence to raise the percentage of sugar to 20 per cent., we add to 
it 30 parts of sugar. The must would then contain 20 per cent, sugar and 1 per cent. acid. It 
should be noted, however, that in the different countries there are different legal limits to which 
the dilution may be carried. Thus in Germany water may only be added in quantity sufficient to 
reduce the extract to 1.6 per cent, in the case of white wine and 1.7 per cent, in the case of 
red wine. 

Petiot’s Method is based on the fact that the colouring and bouquet constituents remaining in 
the grape skins (marc) after the removal of the must are sufficient in amount to impart the colour 
and flavour of wine to a solution of sugar. The method, in fact, is an attempt to obtain a wine 
without the aid of grape juice. To the pressed grapes (marc) cold water is added in amount equal 
to the removed must, and the whole allowed to mix during two to three days, during which time the 
water takes up the various soluble constituents of the marc. The liquor is now pressed off, and 
the amount of sugar and acid it contains is determined. There is usually only 2*3 per cent, of 
sugar. Consequently an addition of 17-20 per cent, of sugar is made to render the must normal. 
If th*re is too little acid, tertaric acid is added to approximate to the acid contents of a 
fwrmal must. 
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The artificial must thus obtained is then fermented in the usual way ; while the grape shins aie 
again treated as before, a longer immersion, however, being now made. The lesultmg wines are 
usually darker in colour than natural wines, and contain much tannin. They are usually artificially 
flavoured. Petiot’s method is used in Fiance, but is illegal in Germany. 

Freezing Wines is employed for the purpose of reducing the aqueous contents, the water 
freezing out first, leaving an alcohol-lirh fluid behind. When wine is cooled to o.6° C., a precipitate 
of potassium tartrate, nitrogenous substances, and colouring matter is formed. When this 
precipitate is lemoved, the wine, enriched in alcohol, is not liable to after-fermentation, and can 
oe kept in vats and half empty casks. 

Scheele adds glycerol (limits 1-3 1. per 1 111. of wine) to wine. 


Different Kinds of Wines 

Effervescing Wines —Champagne. —The bulk of champagne comes from 
France (1903, 35 million bottles ; Germany produced in 1904 about 11 million 
bottles). The method of manufacture is as follow’s: Only best quality grapes are 
used, and the juice is expressed as rapidly as possible in order to prevent the wine 
taking colour from the grape skins. The juice from the second or third pressings 
is used for making inferior or red-tinted effeivescing wines. The expressed juice 
is allowed to stand twenty four to thirty-six hours in vats, whereby any earthy 
matter, etc., is deposited, 'l'hc juice is then run into the fermenting tanks and allowed 
to ferment for about fifteen days. It is then put into securely bunged casks, some¬ 
times with the addition of brandy (t bottle to 100 bottles of juice). At Christmas 
the wine is fined with isinglass, and again in Februaiy. In April the wine is 
bottled. It should contain 16-18 per cent, sugar, 11-12 per cent, alcohol (by 
volume), and free acid equivalent to 0305% H 2 S 0 4 . Before bottling it is mixed 
with 2 per cent, of puie cane sugar in solution and some yeast, securely corked, 
allowed to ferment again at 24 0 C., and then allowed to lie horizontally in bins for 
one to two and a half years. r I he bottles must be specially strong and without 
flaw, for the pressure of the CO.j in them rises to 5-6 atmospheres. Nearly 5 per 
cent, of the wine is lost by the bursting of the bottles. During the summer a 
deposit of yeast is gradually formed. In the following winter this is removed by 
placing the well cooled bottles mouth downwards in special shaking machines 
and shaking repeatedly, when the deposit settles on the cork. '1 he cork is 
opened for a moment, when the yeast is instantly shot out ; a quantity of liquor, 
consisting of a solution of sugar in cognac, is now rapidly added, a new cork 
inserted and securely wired on. If the wine is still not clear the process must be 
repeated. The last lot of sugar added does not ferment owing to the absence of 
yeast. The wine must be perfectly clear. The carbon dioxide is chemically 
combined in the fluid, and should slowly escape from the cooled wine in small 
“ pearls.” The composition of sparkling wines varies widely. The following aie 
typical analyses:— 


Parts of Wine Contain. 

Sample 1. 

Sample 2. 


l*ti (. ent. 

Per Cent. 

Free acid (counted as I I_.SC).,) - 

°- S3 

O.7S 

Alcohol. 

8.40 

9.80 

Sugar . 

4-3P 

9.IO 

Extractive matter. 

7.50 

15.20 

Specific gravity. 

1.029 

1.04I 


All wines are capable of being produced as effervescing wines if the bottling is 
performed before the fermentation is over; for the carbonic acid is retained in the 
wine, and, on opening, the rapid disengagement of gas causes effervescence. Not 
only genuine champagnes, but also Hocks, Moselles, and red wines, may be thus 
treated with good results. If the wine contains much sugar, the fermentation is 

19 
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arrested in the bottle before all the sugar is consumed, and the result is a sweet 
effervescing wine. If, however, the sugar is all exhausted in producing C0 2 and 
alcohol, dry tffervescing wine is produced. Dry effervescing wines usually agree 
better with the digestion than sweet wines. 


Cheap imitation champagnes and sparkling wines are now manufactured by pumping in COa 
under pressure. They usually become turbid on keeping, and the CO a in them is not so stably 
bound as in genuine champagnes. 


Most Sweet Wines, Dessert Wines, and Medicinal Wines are artificial 
products . In other words, they are not obtained by the natural process of 
fermentation of fresh grapes, but more or less alcohol or sugar is added. The 
best-known types of sweet wines are: Tokay, Port, Sherry, Madeira, Malaga, etc. 

Tokay is obtained from ripe grapes which have been allowed to partially dry, either on the 
vine tree Itself, or on straw after plucking, so that the sugar is unable to completely ferment. 

Port Wine is obtained by fermenting the must down to 6-8 per cent, of sugar, and then 4-7 
per cent, of alcohol is added to arrest further fermentation. The wine then contains 14-15 per cent, 
of alcohol. In the spring the wine is racked, and 2-3 per cent, more alcohol added. The final 
product contains 20-24 per cent, of alcohol. By suitable “ blending,” the best results are obtained. 

Sherry Wine is made from several varieties of white grapes of Andalusia, Spain. After each 
pressing ol the grapes the wine is “plastered” with gypsum. The must is fermented to 8-IO per 
cent, sugar, and alcohol is added to bring the percentage up to 16-18 per cent. Sherry wine is 
usually ripened by “ baking” the wine by natural or artificial heat. The filled wine casks are placed 
in tiers in a building with roof and side of glass. The temperature in the sherry house is as high as 
6o° C., and at night time is maintained by fires. 

Different Kinds of Wines. —The following is a list of the best-known wines, arranged 
according to the country of production :— 

1. French Wines. —Barsac, Burgundy, Chablis, Champagne, Claict, Frontignac (Muscat)* 
Graves, Hermitage, Medoc, Roussillon, Saumur, Sauternes, etc. 

2. German Wines. —Riesling, “Rhine,” “Moselle,” and “Pfalz” arc applied to wines made 
in the respective districts. “ Hock ” is also the name of certain Rhine wines. 

3. Italian Wines. —Asti, Barbera, Barolo, Capri, Chianti, Falerno, Lacryma Cliristi, Marsala, 
Muscat of Syracuse, Nebbiolo, Valtellina, etc. 

4. Austria-Hungarian. —Ausbruch, Goldeck, Tokay, Voslauer. 

5. Spanish. —Malaga, Sherry, Val de Penas, Vinos Tintos. 

6. Portuguese.— Carcavellos, Collarcs, Lisbon, Ports. 

7. Madeira and Canary Islands. —Canary (sack), Madeira, Malmseys, Malvasip, 

8. Swiss. —Gringet, Montreux, Neuchatcl. 

9. Greek. —Corinth, Ilymettus, Kcphisia, Noussa, Patras, Santorin, etc. 

id Turkish. —Candian (Crete), Cyprus, Mt. Lebanon, etc. 

11. Russian. —Crimean, Donski, Kakhetian (Caucasus), Krimshi. 

12. Persian.— Shiraz. 

13. Australian. —Australian Burgundy, Hermitage, Port, Sauterne, etc. 

’4. South African. —Cape Madeira, Constantia. 

15. American. —Californian Port, Champagne, etc. 


Alcoholic Strengths of Wines. —These vary somewhat. The following numbers are typical 



Specific 

Gravity. 

Alcohol per Cent, 
by Volume. 


Specific 

Gravity. 

Alcohol per Cent, 
by Volume. 

Burgundy 

0.9913 

IO.5 

Port (natural)- 

O.9992 

* 4‘5 

Champagne 

I.OIOQ 

IO.4 

„ (fortified)- 

... 

21.5 

. Claret 

O.9950 

9.6 

Rhine * 

O.9928 

10.2 

\ Marsala - 

t $ 

1__ __ ' 

0.9959 

16.0 

Sherry - 

0-9859 

16.0 
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Wine Production of the World. —The following figures show the quantity of wine produced 
by the leading wine-producing countries of the world for the year 1909. 

Vintage for 1908 and 1909 


Country. 

Hectolitres. 

Hectolitres.* 

Country. 

Hectolitres. 

— 

Hectolitres. * 

France - 
Italy 

Spain 

Algeria - 
Austria - 
Portugal - 

Hungary aiul neigh¬ 
bouring lands 

1908. 

6 °. 545 > 2 6 5 

47,868,000 

18,556,717 

7,803,734 

8,399.964 

3,900,000 

5,500,000 

1909. 

54,445,860 

41,398,000 

14,767,911 

8,228,719 

4,500,000 

3,100,000 

1,925,000 

Russia 

Germany - 
Greece 

Turkey and 
Cyprus 

Argentine - 
United States 
Switzerland 

1908. 

2,800,000 

3 , 135*953 
2,800,000 
1,800,000 

1 ,250, COD 

I.I 97 . 95 I 

1,200,000 

1909. 

2,400,000 

1,900,000 

2,200,000 

1,500,000 

1,100,000 

1,500,000 

1,010,000 


* 1 hectolitre—1,000 litres = 220.1 gallons. 


The English import of wine in 1910 reached 13,735,000 gals., value £4,249,000. The 
export was 798,000 galls., value ,£468,000. The United States in 1910 imported $6,300,000 
champagne and $6,605,000 still wines. The export was $225,000. California produced 
130,000,000 gals. ; State of New York, 22,000,000 gals. ; Ohio, 17,600,000 gals. Invested 
capital, $100,000,000. For statistics regarding Mineral Waters, Fruit Wines, etc., see p. 250. 


FRUIT WINKS, Etc. 
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Wine is usually prepared from grape juice merely because it is the richest in sugar, contains 
pleasant-tasting organic acids, and the fermentation is easy to carry out; moreover, the product is 
very stable. Nevertheless the juices of other fruits, such as apples, pears, gooseberries, currants, 
elderberry, figs, rhubarb, etc., can also be fermented, and if sugar is added to the juice until it 
contains about 20 per cent., excellent wines may be obtained. Sometimes nitrogenous foodstuffs 
must be added to the juice to cause the yeast to properly grow. 

In Germany, France, and England a considerable amount of cider (“apple-wine”) is pro¬ 
duced by the fermentation of apple juice. France produces nearly 20,000,000 hi. of cider 
yearly. • Cider is distinguished from grape wine by the absence of tartaric and citric acids. It may 
contain 5-6 per cent, of alcohol. If a moderate proportion of tartaric acid is added to cider the 
product cannot be distinguished from wine. In gooseberry, currant, and other fruit wines tartaric 
and citric acids are usually absent 

Palm Wine is fermented juice of the sugar palm, and is largely consumed in tropical countries. 

Sak4 is an alcoholic drink made from rice by the Japanese and Chinese. The rice is saccharified 
by means of the mould Aspergillus oryza (see pp. 226, 286), and the liquid fermented by another 
yeast mould called “ Mots.” Sak 4 contains 10-15 per cent of alcohol and little extract or CO* 

Aerated and Mineral Waters (Artificial) are made by forcing carbonic 
acid gas into water (best distilled) in which various salts and flavouring matters are 
dissolved. Saturation with C0 2 is usually carried out under 5 atmospheres 
pressure, the C0 2 being now usually supplied in a liquid form in steel cylinders. 
At one time—and to some extent at present—special apparatus were employed 
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in which the C 0 2 was generated, the generators being usually of copper internally 
coated with lead or earthenware, and the C 0 2 was obtained by the aid of HC 1 
or H 2 S 0 4 on marble, chalk, magnesite, etc. The gas is always purified by passing 
through (a) water, ( h ) NaOH, (c) FeS 0 4 and Nal IC 0 8 (to remove H 2 S), (d) KMn 0 4 . 
For the apparatus employed see the special works below referred to. 

Lemonades contain sugar, citric, or tartaric acid and sometimes scents. 
Ordinary “Seltzers” consists of cryst. Na 2 CO s (25) 4 NaCl (5) 4 -Na 2 S 0 4 (cryst.) 
(6) + io,oo6 H 2 0 . Apollinaris == 217 "Na]IC 0 8 4 4.5 NaCl + 2.8 Na 2 Si 0 8 4 - 
29 CaCl 2 + 42.8 MgC0 3 +x6.7 MgS 0 4 + 3 FeS0 4 .7H 2 0 +1.7 HC 1 , all dissolved 
in 100,000 water. 

The finished waters usually contain C 0 2 under a pressure of i$*2 atmospheres. 

Literature. — Sulz, 44 Beverages” (New Yoik, 18SS); Kirkry, 44 Artificial Mineral Waters” 
(Manchester, 1902) ; Tenim, “Limonaden u. alkoholfrein getranke” (Vienna and Leipzig, 1909); 
Fritsch, 44 Eaux et Boissons gazeuses” (Paris, 1906); Hirsch-Sikdi.br, 44 Kiinstlichen Mineral* 
wasser” (Braunschweig, 1897); IIermann-Lachakelle, “Boissons gazeuses” (Paris, 1891); 
Goold, 44 Aerated Waters” (London, 1881J. 

Statistics. —England imported in 1910: Aerated and mineral waters, 1,694,000 dozen bottles, 
value .£341,000; cider and perry (sugar free), 261,000 gals., value £8,000; wine, I 3 , 735 »°°° 
gals., value £4,249,000. 

The export in 1910 was : Aerated and mineral waters, 1,438,000 dozen bottles, value £235,000 ; 
wine, 798,000 gals., value £468,000. The United States in 1910 imported: cherry juice and 
other fruit juice, 38,000 gals, (value $27,000) ; prune juice, 24,000 gals, (value $18,000); cider, 
8,000 gals, (value $8,000); lemonade and soda water, 66,000 doz. pints (value $55,000). The 
United States export of cider sank from 344,000 gals, (value $54,000) in 1906 to 6,000 gals, (value 
$2,000) in 1910. The export of fruit juice was $52,000 in 1906 and $85,000 in 1910. Only $2,000 
of mineral waters were exported in 1910. 


Chemical Analysis of Wine 

For details readers should consult the special works mentioned above, especially the article on 
'•Wines and Potable Spirits” in Allen’s “Commercial Analysis,” vol. i. (1909). The following is 
a summary of the methods employed :— 

1. Alcohol Percentage. —The natural wines contain 7-12 per cent., seldom ovei iq percent. 
Certain Spanish and Portuguese export wines, e.g ., Port, contain 20-23 P er cent - (“Fortified” 
wines). The alcohol is determined by distillation. 50 c.c. of wine are mixed with 25 c.c. of water 
and distilled until 50 c.c. of fluid has passed over. The alcohol is determined in the distillate by 
taking its specific gravity by means of the Pyknometer (15 0 C.), and then using special tables ( e.g,, 
Windisch’s). 

2. Extract is the substance which remains behind on evaporating the wine to dryness on the 
water bath. In natural wines it amounts to 1. 8-2.5 per cent., and should never be less than 1.6 
per cent. It is determined by evaporating 25 or 50 c.c. of wine to dryness, first to a syrup on the 
water bath and then for two hours in the steam oven. Also from the specific gravity of the original 
wine and of the alcoholic distillate. If S = specific gravity of the wine, and S'=specific gravity of 
alcoholic distillate (see 1), then percentage extract (in grams per 100 c.c.) = (S - S')40.00386. 

3. Sugar.— Ordinary dry wines contain very little sugar, but sweet wines often cQntain several 
per cent., usually as invert sugar. The amount of invert sugar is obtained in the usual way by 
Fehling’s solution, the wine being first neutralised with NaOH and decolourised by basic lead acetate 
solution. The cane sugar is determined by hydrolysing 50 c.c. of the clarified and neutralised 
wine with HCJ, and then estimating by Fehhng’s solution. The total titration, less than that due 
to the invert sugar, gives the amount of cane sugar. The amount of impure starch sugar (which is 
accompanied by dextro-rotatory non-fermcntable dextrine) is found by fermenting it and taking the 
specific rotation. For details see Allen’s “ Commercial Analysis.” 

4. Free Acids. —Reckoned as free tartaric acid, the total free acids usually amount to 0.4- 1.0 
per cent of the wine. In France it is customary to calculate the acidity as equal to so many grams 
of sulphuric acid per 1,000 c.c. To determine the acidity the hot liquid is rapidly titrated with 

~ NaOH, using litmus paper as indicator. The Volatile adds, which, counted as acetic acid, 
amount to o.x*o.2 per cent, is determined by distilling 50 c.c. of the wine in a current of steam free - 
from COg and titrating with ~~ NaOH, using phenolphthalein as indicator. The total amount of 
tartaric acid present is found by precipitating with potassium acetate and alcohol. 
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5. Mineral Salts. —Wines seldom contain less than 0.15 per cent, of mineral salts. Wines on 
the average contain about o. r per cent, of K 2 S 0 4 . More than 0.2 per cent, is held to be evidence 
of “ plastering,” *>., the addition of gypsum to the must. In Germany and France wines containing 
more than 0.2 per cent K 2 S 0 4 =0.092 per cent. SO s are illegal \ In France wines must not contain 
more than o. 1 per cent. NaCl. 

6. Sulphurous Acid must not in France and Switzerland exceed 200 mg. per 1,000 c.c. Free 
sulphurous acid must not exceed 30-20 mg. per 1,000 c.c. 

7. Glycerol lies, usually, between 0.4 and I per cent., sometimes o. 16-1.4 per cent. 

8 . Foreign Colouring Matters. —Coal-tar colours are usually detected by boiling cleaned 
wool (previously mordanted with alum and sodium acetate) with wine. The foreign colours are 
precipitated on the wool and are examined by the usual reagents. Coal-tar colours are also detected 
by the lead acetate test (see Allen), by Cazencuve’s mercuric oxide test, by extracting with ether 
before and after supersaturation with ammonia, and by extracting with amyl alcohol. The artificial 
addition of bilberry or other fi ait juices—which contain natural colouring matters very similar to that 
in grape skins—is, however, very difficult to detect. 

Brandies from Wine. —These are obtained either by directly distilling the marc (fermented 
grape skins) or second wines derived from it. The best kinds of brandy, “cognacs,” are obtained 
by distilling good wine. The wash for brandy spirits is obtained by running water into a tank filled 
with the mash, the overflow running into other similar tanks. The fluid is distilled when it contains 
over 5 per cent, alcohol. See under Spirit Manufacture. 

Wine Fusel Oils vary very much in composition, arc rding to the nature of the must, their t 
fermentation and storage. They occur in wines, but also, and to a far larger extent, in genuine 
cognacs (obtained by distilling wine). Of the following samples the first was obtained by distilling 
an old cognac, while the second was obtained from the fermentation of a cane sugar solution with 
wine yeasts:— 

C'opposition of Wink Fusel Oiis (after Oil) 


1. In ioo l. Cognac. 


Normal butyl alcohol 

- 218.6 g. 

Amyl alcohol 

• »3-s „ 

Normal propyl alcohol 

- 40.0 „ 

Ethyl acetate 

* 35-o „ 

Acetal. 

* 35-u 0 

Esters of fatty acids 

7-0 „ 

Acetaldehyde 

• * 3-° » 

Heptyl alcohol 

I »5 »> 

Hexyl alcohol 

0.5 „ 

Amine bases - 

4.0 ,, 


2. From 100,000 g. Cane 

Sugar. 

Alcohol . 

50,600 g. 

Glycerol ----- 

2,100 „ 

Succinic acid - 

452 „ 

Acetic acid .... 

205 „ 

Isobutylene glycol 

158 „ 

Amyl alcohol .... 

- 5i » 

Normal propyl alcohol 

■ 2 „ 

Isobutyl alcohol 

• 1.5 I 

Esters of organic acids 

- 2.0 


The wine fusel oiis aie either obtained by the fractional distillation of fermented grape skins or 
wine lees (marc), when they are known as “cognac oil,” or “grape oil.” They are sometimes 
artificially made for adding to brandies and cognacs (see p. 384). It will be noticed that they 
are entirely different in character to the fusel oils obtained from whisky or potato spirit manu¬ 
facture (see under Spirits, pp. 312, 298). 
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IV.—BEER 

By C. H. Griffiths and G. Martin, Ph.D., D.Sc. 
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Beer is an alcoholic beverage obtained from malt, hops, and water. It differs 
from wine and spirits in containing less alcohol (3-6 per cent.) and being 
licher in extracts (4-S per cent.). 

Statistics Relating to Beer.—The following numbers show the production of beer in the 
principal countries of the world, and also the amount of beer consumed per head of the population. 
It will be seen that the United States is now the greatest beer-producing nation [Ost ):— 



Production in 

Consumption per 

Country. 

Millions of 

Head of the Popula- 

Hectolitres.* 

lion in Litres. 

United States (1909). 

66.0 

70 

Germany (1909). 

England and Ireland {1907) .... 

64.8 

58.3 

IOO 

126 

Austria (1908) • .... 

20.4 

73 

Belgium (1908). 

14.0 

210 

France (1905). 

13-7 

35 

Russia (1904). 

6.2 

5 

Italy (1905). 

1 

| 0*24 

1 


# I hectolitre= 100 litres = 22.01 gallons ; 1 barrel = 3d gallons. 


In 1908-09 in the United Kingdom there were 4,667 breweries ,* these produced 34,953,274 barrels. 
The duty levied on each barrel of beer was 7s. 9d., the total revenue raised being 413,144,445. 

The amount of material used in 1908 for brewing in the United Kingdom was :— 


Malt, 50,960,923 bushels. 

Unmalted corn, 91,069 bushels. 

Rice, maize, flaked rice, etc., 1,278,988 
cwt. 


Sugar, including its equivalent of syrup, 
glucose, and saccharum, 2,883,269 cwt 
Hops, 62,971,755 lbs. 

Hop substitutes, 4,479 lbs. 








BEER 


253 


In Germany {Norddeutschen Braustcucrgcbictc ) during 1909 the 
products were used in brewing 38.4 million hectolitres of beer :— 


Barley malt ------ 

Wheat malt ------ 

Rice (raw) - 

Sugar and (little) syrup and other malt substitutes 


following quantities of raw 


6,650,000 dz. # 

94.200 „ 
83,300 „ 

47.200 „ 


The largest German brewery (Schultheiss) used in 1909 no less than 240,000 dz.* malz. 

Within recent years small firms have been steadily diminishing and large ones increasing. In 
1874 there were in the United Kingdom no less than 34,000 breweries, whereas now the number is 
4,667. The largest English breweries are: Guinness & Co., Dublin (capital ^7,000,000; over 
2,000,000 barrels), Bass, and Allsopp, in Burton-on-Trcnt (the first having a yearly output of between 
one and two million barrels). In 1899 the amount of capital invested in breweries in the United 
Kingdom was over ^240,000,000. 

On the Continent the largest breweries are .* Dreher in Kl. Schwechat-Wien, Schultheiss in 
Berlin (1,000,000 hi.). Miinchen yields 3,000,000 hi. ; the largest brewery in the town being the 
Lowenbrau (320,000 barrels). In Northern Germany, each hectolitre (100 1 . =22.01 galls.) has to 
pay a duty of 2.4 m. (1909), and in Bayern, 4.8 m. The total revenue derived from this beer duty 
for the whole German Empire was in 1909 154,000,000 m. (20 m. — £l). 

The capital invested in the American brewing industry in 1909 was $671,158,000, being an 
increase of 30 per cent, in five years, The value of products was $374,730,000 in 1909. The 
number of breweries was 14,100. The average capital per establishment was $475,000 in 1909 
against $337,000 in 1904. 223 breweries in 1910-11 were equipped with pipe lines for conveying 

beer to the bottling premises. The duty paid for ale, beer, lager beer, porter, etc., for 1910-II was 
$63,216,851. The total production of malt liquors in 1910-11 was 63,283,000 barrels, against 
40,517,000 barrels in 1901-02. 


Outline of the Theory of Brewing.— Most corn grains consist of about 
60-65 per cent, of starch, a complex hydrocarbon of the constitution (C 12 H 20 O 10 ) 20 
(Brown and Morris). Starch, however, will not undergo alcoholic fermentation. It 
must first be broken down into simpler carbohydrates. This is achieved by allowing 
the grain to germinate (malting). During the process of malting the enzyme diastase 
is formed. This is capable of attacking the starch, breaking it down into the 
sugar maltose, C 12 H 22 O n , and into dextrin (C 12 H 20 O 10 ) 20 . The diastase is soluble 
in water, and acts best between 4o°-6o° C. Consequently the germinated grain 
(malt) is crushed or ground and mixed with hot water (“ mashed ") in order to let 
the diastase act freely on the starch. This it does, the bulk of the starch being rapidly 
converted into maltose. The solution is now boiled to destroy the diastase, and yeast 
is added. This, and also malt, contains an enzyme called maltase which rapidly de¬ 
composes the maltose, C 12 H 22 O n , into 2 molecules of the simpler sugar, dextrose, 
C c H 12 0 () : (C 12 H 22 O n + H 2 0= 2C 0 H 12 O 6 ); then another enzyme contained in the 
yeast, Buchner's “Zymase," rapidly converts the dextrose into alcohol and carbon 
dioxide : (C 6 H ]2 O c = 2C 2 H 5 OH + 2C0 2 ). The resultant beverage is known as beer. 

The grain used-for conversion into malt is barley. Sometimes, however, other 
sorts of grain are mixed with the malt in the mashing process, the diastase of the 
malt being able to attack their starch. 

From this short description it will be seen that the manufacture of beer 
naturally resolves itself into three distinct processes :— 

1. The preparation of malt, /.<?., germinated barley. 

2. The preparation of the wort, or fluid which is to be fermented. This stage 
of manufacture may be further divided into (a) the mashing process, or the mixing 
of the ground malt with hot water and its saccharification; (l>) boiling and hopping 
the wort to destroy the diastase; (^) cooling the wort. 

3. Fermentation of the wort and storage of the resulting beer. Each of these 
processes will now be described in detail. 


THE PRODUCTION OF MALT 

Raw Materials used in Brewing. —Barley is the grain mostly used for 
making malt for lager beer, ale, stout, vinegar, and yeast makers' or distillers’ mash, 
while wheat malt is used in Germany and U.S.A. in the production of Weiss-bier. 


1 dz. as 100 kg. 5= about ton. 
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Commercial cultivated barley belongs to the genus Ilordeutn , and species 
Hordeum sativum . Four leading types or sub-species of barley are met with in 
commerce, viz.: *— 

1. Hordeum distichum. —These are two-rowed barleys 9 with a narrow ear and 
a comparatively long distance between the corns. Well-known varieties are: 
Chevalier, Kinver, Archer, Hallett, Hanna, Black and White Ocichse. 

2. Hordeum zeocriton .—These are two-roived barleys> with a wide ear and a 
comparatively short distance between the corns. Varieties : Goldthorpe, Peacock, 
or Fan Barley. Stand well and Invincible are hybrids resembling Goldthorpe. 

3. Hordeum vulgare. —These are six-rowed barleys , with narrow ear and a com¬ 
paratively long distance between the corns. Varieties : Scottish “ bere ” or “ bigg.” 
Most “ Light Foreign ” six-rowed barleys are mixtures of white and blue H. vulgare . 

4. Ilordeutn hexastichum. —These are six-rowed barleys with wide ear and short 
distance between the corns. Varieties : Chilian six-rowed barley is a mixture of 
white and blue H. hexastichum. 

Other Raw Materials.—In Germany, as a rule, only malt is used for 
brewing. In America, however, and to a lesser extent in England, a considerable 
quantity of raw grain is mixed with the malt, especially mai/e or rice. Since the 
malt is very rich in diastase there is enough diastase present not only to saccharify 
the starch in the malt, but also that in the added raw grain. In Germany some¬ 
times rice is mixed with the malt in making top fermentation beer. The beer 
thus produced acquires a peculiar taste, and loses in stability. 

In England and America, and to a small extent in Germany for special kinds 
of top-fermentation beer, various kinds of sugar, especially cane sugar, starch 
sugar (glucose), syrups, etc., are added to the malt. The complete fermentation 
of the pure sugars increase the amount of alcohol in the beer, leaving unaltered 
the amount of extract. # Starch sugar and syrups, however, which contain non- 
fermentable isomaltose and dextrine, enrich the beer in extract. Hops are added 
to the hcer to give it a bitter flavour and preserve* it. The world’s production 
of hops amounts to about 1,000,000 cwt. yeaily, England importing about 
200,000 cwt. (value about ^800,000). The U.S.A. import in 1910 amounted to 
3,200,000 lbs. (value $1,500,000), while the export was to, 600,000 lbs. (value 
$2,000,000). The hops used in brewing consist of the ripe female flowers of 
the Ilumulus luj>u/us , also H. Americanns and other varieties. Male flowers exist in 
English hop gardens because a bigger yield per acre is obtained. In Germany the 
presence of male hops is not tolerated. Unfertilised hops are finer. See Salmon, 
Journ. Inst. /> rewing, 1917, xxiii., 60; 1908, xiv., 309. 

The sticky yellow dust, known as “hop-flour” or “lupulin,” attached to the lower inside base 
of the biacts ot the hop cone, contains the resins, volatile oils, and bitter substances which are of 
value to the brewer. I fence hops are valued by their content of lupulin (hop flour), which may 
amount to 10-15 per cent, of the hops. The resins are acid in nature (lupulin acid, hop bitter acid), 
very soluble in ether, partly soluble in petroleum, and very sparingly soluble in water. They are 
divided into a-, ft-, and 7- resins, the first two resins being known as “soft resins,” and contain the 
bitter and antiseptic substances which destroy bacteria, which otherwise easily multiply in unhopped 
beer. See, however, Power, Tutin, and Roger son, Journ. Inst. Brewings 1913, xix., 392; Brown 
and Clubb, Journ. Inst. Brewings 1913, xix., 261. 

The pleasant aroma given to beer by the hops is due to a volatile essential oil (“Hop oil”), 
amounting too.2-0.8 per cent, in good hops, and consisting of terpenes, C 1O H J0 , valeral, C^I^CHO,' 
etc., etc. Hops, on keeping, lose their pleasant aroma owing to the conversion of the valeral into 
valeric acid, QH 9 .COOH. The tannin in the leaves of the hops is valuable in that it precipitates 
albumen and hence helps to clear the wort. 

Hops are rendered preservable by drying in kilns and treating with SO a fumes (sulphur being 
thrown on the fire of the drying kiln) and packed in sacks or zinc boxes in a cool place. 

Testing the Barley Grain.—The barley, as bought in the open market, should be dry, heavy 
(55-56 lbs. to the bushel), even in size, pale yellow in colour, sweet in smell, with a thin skin. It 
should be rich in starch, but poor in nitrogen, free from broken grains, also few bacteria and moulds! 
It should be as free as possible from steely grains and have a good germinative power. The per¬ 
centage of “steely grains” is usually determined by a simple instrument called a “ Fa rina tor.” 
The corns to be tested are placed in a tray containing fifty holes; a slight shake fills each hole with 

# See K. S. Beaven, “ Varieties of Barley, "fount. Inst . Brewing , 1902, viii., 547. 
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a grain ; they are then cut with the knife crosswise, the result showing in a bottom tray containing 
fifty corns, so that the percentage of steely grains is easily counted. 

The germinating power of the barley is usually tested by means of Coldewe’s genninatmg 
apparatus, which consists of a glass half filled with water, above it the barley m the porcelain tray 
filled up with sand and covered with felt, above this is a wooden 
cover and the attached thermometer forms a handle. It is left in a 
warm cupboard or any convenient place, and in about ten hours the 
good grain will have sprouted. The tray holds exactly ioo coins, so 
that the percentage of idlers is seen at a glance (big. 97). 

Should, in a particular sample, anv thing hut an extremely small 
percentage (2-3) of the grains he incapable of germinating, good malt 
cannot he made from it. All ungerminated grains form bleeding - 
grounds for mould during the malting process, andaepresenl so much 
raw barley in the finished malt. 

Anatomy and Chemical Composition of the Barley 
Grain. —The liarley gram is very similar in structure to the wheat 
grain (Fig. 68, p. 179), consisting of two mam pails :— 

A (Fig. 08), the Endosperm, whuh consists principally of 
starch cells, surrounded by a husk a. 

H, the Germ, horn which the living plant develops. 

Between A and I* lies a cellulose membrane, called the 

scutellum. 

c is the Plumule or ai lospne, tin pait wlmh, glowing up¬ 
wards, ultimately develops into the stalk and leaves of a new plant. 

d is the radix or Radicle, *>., the pait which, growing down¬ 
wards, develops into the loots of the ni w plant. 

The barley gram consists of 60-65 per tent, starch, winch is contained in a, 12-18 per cent, 
moisture, 8-15 per cent, mtiogenous matter (pimcipally in n), 7 per cent, cellulose and pentosane, 
2.5 per cent, fat, 2.5 per cent, ash (ven nth in l^C^and K/)). 



bio. 97. -Coldewe’s 
Germinating Apparatus. 



Fir.. 98. — Rough Diagram 
of Longitudinal Section 
through a Barleycorn. (For 
greater detail see Section 
through a Wheat Grain, Fig. 
68, p. 179.) 


Malting 

Theory of Malting. —When barley is moistened 
and kept at io 0 -^ 5 C. for some hours it begins to 
germinate. When this occurs, Messrs Brown, Morris, 
and O'Sullivan have shown the enzymes diastase and 
cytase are producing in considerable quantity in the 
developing germ it (Fig. 98). The cytase dissolves 
the cellulose membrane gg which divides the starchy 
matter in the endosperm a from the germ it. The 
diastase can then gradually diffuse from gg into the 
starch in a. The diastase then breaks down the 
staich into various sugars, principally maltose, but also 
sucrose and invert sugar is produced. At the same 
time proteolytic enzymes, such as peptase, appear in 
the germ it, which hydrolyse the albumens first into 
peptones and later into amido acids. It is obvious, 
therefore, that with the process of germination a suc¬ 
cession of very complex substances are formed by the 
developing germ. The germ breathes, absorbing oxy¬ 
gen (hence the practice of aerating malt) and throwing 
out CCX, and water, and generates warmth. The great 
mass of starch contained in the endosperm is, however, 
quite unaffected by the diastase and other enzymes, 
on account of the slowness of diffusion. In con¬ 
sequence, however, of the cellulose-dissolving action 
of the cytase enzyme the cell membranes become 
loose, and the barley grain becomes soft and is easily 
gelatinised by boiling water. 


Brown and Morris have shown that the formation of diastase takes place piincipally in the 
epithelium (the fine membranous lining of the internal organs of the grain), and is favoured by the 
presence of small quantities of acid, but is almost completely restricted by leadilv assimilable sugars. 
Thus if barley be germinated in such a way that a sufficient quantit) of cane sugar for the sustenance 
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of the embrjo is always present, jio diastase is formed, and it is therefore probable that the 
diastatie secretion of the epithelium is due to the stimulus of a starvation process. 


Growth Of the Acrospire and Radicle.- "After moistening the grain or 
“steeping” for forty-eight hours, the acrospire grows upwards under the skin, 
while the radicle (roots) grows downwards. 

The successive stages of growth are represented in the figure, a is the original 
grain, in b the procers of germination is beginning, in c the roots are well developed, 

and the acrospire has grow n nearly 
half way up the grain. After about 
seven to eight days the acrospire 
will be three-quarters way up the 
grain, and the roots one to tine and 
a half times the length of the corn. 
This is shown in d. When this 
stage is reached, the process of ger¬ 
mination is stopped by heating on 
kilns. 

The malt should never (in malting for 
beer) be allowed to germinate so long that 
the acrospire begins to emerge from under 
the skin at the top of the grain ai shown 
in <?. It is true that the amount of diastase increases with growth beyond d up to a certain limit, 
but a growth beyond d causes the unnecessary destruction of much starch, and so is uneconomical. 
Consequently the brewer always works with “short malt” as the product is called. It should he 
noticed that a fairly low temperature favours the production of diastase, and is necessary for a good 
brewing malt. Moreover, the brewer always Uoes Short Malt (see p. 285), i .<malt germinated 
for a seven to ten day period, which contains sufficient diastase for his purpose, and a high per¬ 
centage of starch. The distiller, on the contrary, works with “ Long Malt,” i.c ., barley germin¬ 
ated for twenty days or so, for reasons that are explained under Spirits (pp. 285, 286). 



Practice of Malting in Relation to Brewing 

In England the seasons during which malting is carried out is usually from 
about the middle of September until the middle of the following May, although 
where large quantities of foreign barley are dealt with, malting operations are often 
carried on throughout the whole year. 

Floor System of Malting 

The system of malting most generally used in England is the floor system, 
which we will now describe:— 

Sweating the Barley. —The best malt can only be produced by using a 
properly dried barley. This is often a matter of great difficulty, especially with 
English barleys and a wet harvest. Most maltsters, therefore, dry or “sweat” 
their barley before storing, in kilns at a temperature not exceeding 105* F.* A 
space of 16 ft. per quarter is usually allowed in a kiln. Sometimes the sweating 
is done on the malt kilns between the stages of curing the malt (see p. 260), or on 
a specially built kiln, or by means of a drying drum (similar to the one 

shown for germinating barley, Fig. 107). This latter is a closed drum and is 

rotated by means of a worm and worm-wheel gear. At one end the drum 
is connected by means of a pipe *0 a furnace, and at the other end to a fan. The 
barley is put into the drum by doors in the walls or shell of same. The doors are 
then closed, the drum set in motion, and hot air from the furnace is sucked through 
the barley by the fan, which discharges its moisture-laden air into the atmosphere. 
The exact method to be employed in thus sweating the barley is a matter depending 
to a great extent upon local conditions. 

The sweating process mellows the barley and gets rid of excess of moisture, 
thus inducing a more uniform absorption of moisture in steeping. Sweated barley 
should not be steeped within a fortnight of sweating. It does not heat in bins. 

• Barley can be sweated up to 130° F. See J. K. Dixon, Journ. Inst. Brewing, 1912, xviii., 105. 
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Cleaning and Grading the Barley. —The barley is next passed through 
a rough cleaning machine so as to remove the coarse impurities it contains by 
means of sieves and blower fans. Then it is sorted out by special “grading” 
machines into grains of different sizes, which must be steeped separately; for if 
the grains are of different sizes they will germinate at different rates, and one 
set of grains will be ready for curing before other sized grains have attained the 
proper condition. Also, all broken and half corns must be removed, for if such 
half corns are allowed to get on to the growing floor, they set up mould and create 
a lot of trouble, often damaging a whole piece of malt. 

The Rougher Out may be made either in the form of wire sieves or a rotary 
wire cylinder enclosed in a wood or iron frame, and having an efficient fan to 
extract dust and light straws from the machine while in work. An advantage 
of the machines with sieves is that they are more easy to clean, and the exhausting 
arrangements are more efficient. 

The barley cleaning machine for finishing is very similar in outward appearance 
to the Rougher Out, but has additional sieves for taking out very thin barley 
(which is fit only for chicken food), heavy sand, etc. This machine again has 
a powerful exhausting fan operating over the whole surfaces. 

After the barley leaves 
this machine it passes into 
half corn separators, which 
are made from plates of a 
special metal having in¬ 
dentations (not holes) 
drilled at regular distances 
all over their surface. 

The plates are then rolled 
into cylindrical form, 
mounted on a spindle 
and carried in a wood or 
iron frame with a slight 
slope from feed end to 
delivery end. The cylin¬ 
ders are rotated by means 
of pulleys and belt; or by 
bevil gears. The barley 
is fed into the cylinder, 
and finds its way into the 
indentations. The whole 
corns project for about a third of their length beyond the surface of the plates, 
and as the cylinder rotates they come into contact with the edge of a tray mounted 
on the spindle. Contact with this tray has the effect of knocking the whole corns 
back into the bottom of the cylinder, while the half corns, not projecting in the 
same manner, are carried beyond the edge of the tray until compelled by gravity 
to fall into the tray, which is fitted with a worm carrying the half corns out at 
the end, the whole corns also being carried by the slope of cylinder and the 
ressure of incoming barley to the end where they are delivered from the machine 
y a different exit. The whole corns, which of course comprise the thoroughly 
cleaned barley, should be put into bins reserved for this purpose either directly 
over the steeping cisterns or so as to command them easily. 

DttSt Control. —In the case of both Rougher Out and Barley Dresser, it is necessary that means 
should be employed to effectually deal with the dust from the exhaust fans. The old-fashioned way 
of doing this was to allow the fan to blow into a chamber called a dust chamber or stive room. This 
chamber had an outlet for the spent air to escape to the open, while the dust was precipitated on to 
the floor, from which it was afterwards taken away in sacks. This system had many objections, as 
frequently a large amount of dust was thrown out on to the roof and found its way to the working 
floors, which was very bad, owing to the presence of various germs. The better way is to allow the 
fans to discharge into a dust collector, preferably of the dry type, a very good one being that llus- 



Tic.. ioo.—Machine for ("leaning and (trading Barley, 
Malt, and other (train. 

(Llcwellins & James, Bristol.) 
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trated in Fig. ioi which consists of an upper and lower Ik>\, connected together by a number of 
tubes ; the air escaping through the fabric, the dust being retained, and settling down to the lower 
box where it is caught in a worm and deli\ ored to sack-* on the flout beneath. In order that the pores 
may not become clogged, a cleaning attachment travels continuously up and down the tubes. The 
apparatus is extremely effective in woik. 

Steeping the Barley. —The cleaned and graded barley is now conveyed to the 
steeping cisterns, and moistened with water in older to start process of germination. 

The cisterns for steeping should he made of cast non with conical bottom m order to be self- 
emptying. Sparges should be fitted round the four sides at top and an overflow' trough with a gnd 
to retain floating corns on one of the top side plaits. A vtrv good idjuntt to a steeping cistern is a 



bio. ioi.—Dust Collecting Machine. 
(Seek Engineering Co., London.) 



1 to. 102 - German Aerating Cistern for 
Steeping Barley. 

(Crcbruder Sachsenberg, Rosslau in Anhalt, Germany.) 


system of aeration, an idea originating from Germany. It consists of an an compiessm and iccuver : 
the air is forced into the steep through a valve fitted to the water mlel pipe and a certain quantity 
of air goes in with the water. *At varying intervals dunng steeping, air is let into the cistern, 
causing the barley to move al»out or “boil up,” thoroughly aerating it ami assisting the regular 
germination, besides, as is claimed, shortening the time for steeping and couching. 

The size of steeping cistern can be obtained from the fact that a mixture of barley and water in a 
cistern occupies 14-15 cub. ft. per quarter. The barley after being in the steep about forty-eight 
to sixty hours, at a temperature o£ about S°°‘ 54 v E. } should have the water drained away by means 
of the valve fitted at the bottom for that puiposc, the grain being prevented from going with the 
water by means of a slotted or perforated gun*metal grid. This gnd is attached to a door covering 
the bottom of steeping cistern, the door itself being carried on a vertical pm secured to the lower 
part of cone. Tbts pm forms a hinge allowing the door to be swung round horizontally clear of the 
opening permitting the grains to fail on to the working floor. 
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Growing or Germinating Floors.— The malt-house usually consists of 
several floors. The wet grain falling on these from the steeping cistern is levelled 
down to a depth of 2-3 ft. 'This is called a couch, and the operation is known 
as couching, and is done to cause a sufficiently high temperature to make the 
grain commence to germinate properly. When the barley begins to sprout or grow, 
small hair-like rootlets are produced, and heat is generated during growth ; the tem¬ 
perature must not be allowed to increase more than a certain amount (6o° F.). 
Hence, when growth has started the couch is broken down and spread over the 
floor to a depth of about 3-4 in. This is < ailed a piece of malt, and the depth 
must be varied according to tin* mte of growth and the varying temperatuie in the 
malt-house, as it is obvious that if the thickness is too great and the temperature 
high, forcing will result; while, on the other hand, if the thickness is not sufficient 
and the temperatuie low, then the growth will be ictarded, and indeed often 
stopped altogether. 

Moreover, since for uniform growth the malt requires ail, it is necessary to 
aerate the growing barley (which is now known as u green malt”). This is 



Fic.. 103.—Malt House (Malt Glowing on Hunt), Guinness's Iheweiy, Dublin. 


done by turning the malt with shovels about twice a day. During the turning 
the green malt is thrown through the air in a thin stream, whereby it is aerated 
and cooled. It is often ploughed by means of a hand plough which aerates without 
the need of the heavy labour of completely turning the piece. During the turning 
process the malt is gradually worked along the floor, being sprinkled when neces¬ 
sary to assist growth, until it arrives at the kiln end of the malting, and it is 
then considered sufficiently grown. This usually occupies from nine to thirteen 
days, depending upon the character of the barley, and the quality and character of 
malt it is required to produce. 

The chemical changes which liave taken place in the barley up to this stage is the secretion of 
the enzymes evtase, diastase, and peptase. The cytase dissolves the cell-walls within the 
endosperm, enabling the diastase to attack the starch, converting it, according to the requirements 
of the growing plontlet, into diffusible and readily assimilable sugar ; at the same time the peptase 
attacks the albumoids (proteids), converting them into soluble peptones, amides (such as glutamine 
and asparagine), and amido-acids (e.g ., tyrosine and leucine). 

The formation of these soluble nitrogenous bodies at this stage are of gieat importance for the 
nourishment of the embryo and, later, the grow ing yeast 
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If the growth of the germinated malt continues beyond the limit now attained, 
a serious loss of starch and sugar will result. The further growth of the barley 
is therefore checked by— 

Withering 1 . — That is, the rootlets are 
allowed to fade and wither by withholding any 
further outside supply of moisture to the grain. 
The withering stage occupies about twenty-four 
hours, and the malt is then loaded on to the kiln. 
Moisture at loading-on should be less than 40 
per cent. This loading* used to be done by 
hoisting the green malt in sheets or baskets, 
and indeed is done so at the present time in 
a good many of the older malt-houses. The 
modern system is, however, to employ elevators 
for the purpose. 

Kilning or Drying. —The malt remains 
on the kiln for about three to four days, drying 
and curing, two days being taken up for drying 
and two for curing. During the time the malt 
is on the kiln for this purpose it is turned 
frequently so as to allow the heat from the fur¬ 
nace to come into contact evenly with the whole 
of the malt. 

The kiln usually has only one floor made of 
wire or tiles, and heated by means of a closed 
furnace below. The roof is constructed in the 
form of a pyramid, having outlet at the top, with 
adjustable doors for carrying off the vapours. 
In some modern kilns suction fans are placed 
in the outlets to accelerate the drying. The 
Fig. 104. —Scottish Two-floor Malt Kiln. g recn m alt i s evenly spread upon the kiln floor 
(Messrs Bryan, Corcoran Ltd., London.) about 12-18 in. deep and frequently turned 

during the drying and curing process. In Scot¬ 
land the kilns usually have two floors made of wire, placed one above the other, 
and heated by a furnace or open fire from below. The green malt is evenly spread 
upon the upper kiln floor about 18 in. deep. It remains here twenty-four hours, 
and is then only partially dried. It is then dropped upon the lower floor, again 




FlG. 105.—Patent Steel Flooring for Malt Kilns. 


spread evenly, and subjected to a higher temperature until the desired degree of 
dryness is obtained. 

The heat is obtained by means of shaft furnaces as shown, and good anthracite coal is most 
generally employed—coke being unsatisfactory owing to the fumes depositing arsenic on the malt. 
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This latter objection is due to the practice in English malting of allowing the products of combustion 
to come into direct contact with the drying malt. 

For the drying stage the temperature usually commences at about 8o° F., rising gradually to 
120° F., while for curing, the temperature is raised from the latter figure to 160° or up to 200 F. 
for a pale malt, and higher than this where high coloured or porter malts are required. 

The turning of the malt on the kiln in modern makings is done by means of an Automatic Kiln 
Turner, which ensures that the whole of the malt is thoroughly turned, obviating the risk of getting 
vitrified or unevenly coloured malts which often happens where the turning is done badly by hand. 



The malt being completely dried and cured is allowed to 
cool, and is then emptied into the bins under the hot air 
chamber forming the warm malt store. 

The emptying is dune b> means of a number of steel pipes led from 
the kiln floor to the bins, the malt being shovelled into heaps over each 
pipe, from which the co\er is removed, and while a large amount will run 
down by gra\ity the remainder is swept into the pipes by the maltster. 
Ftom these bins the malt is eithei lifted lip by means of an elevator and 
distributed by a band conveyoi to the main malt stoics, or it is first 
scieened and then put into stores. Where the second method is adopted 
it is often usual to screen again before sending out the malt—although 
this is not absolutely necessiuy piovided a thoioughlv good malt screen is 
first employed. 

The choice of these two methods ol dealing with the malt lies with 
opinion being vuy divided as to whelhei it is bcttei to stoic the malt with 


The malt stored in suitable bins may be preserved without injury for twelve 
months or longer. Malt will keep almost indefinitely if stored with not more than 
3°/ 0 moisture. 



Fig. 107,—Galland’s Pneumatic Making Drums. 
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PNRUMVIIC M\L r JlNG 


r l'he foregoing is the general system of malting as used in England. There 
is, however, another system used to some extent in England known as pneumatic 
malting. In this process the grain, after being steeped in the same way as for floor 
malting, is put into revolving germinating drums (Figs. 107, 108). 

These drums are only partly filled with grain. They aie constructed with an 
outer shell of steel plate and an inner cylmdei of perforated metal. Running 
through the centre of the cylinder throughout its length is a tube of similar 
perforated metal. Each end of the cylinder is connected by means of pipes 
to air ducts built below the level of cylinders. One of these ducts, l, is connected 
at one end to a tower through which the air is compelled to pass, and in passing, 
this air is purified and moistened, as well as heated In a steam jet when necessary. 



. Fig. 108.—Galland’s Pneumatic Malting Drums. 


The drum is revolved very slowly by means of a worm gear, the weight of drum 
being carried by rollers mounted on spindles carried in heavy bearings. 

When the cylinder is in work, the fan induces a current of air from the air tow’er 
through the duct l and thence by means of the pipes to the cylinder, through the 
grain, into the perforated tube, down the pipe at back of cylinder, and thence by 
the duct s is sucked into the fan and discharged into the open air. Provision is 
also made for delivering heated dry air into the cylinders. The drying and curing 
is sometimes done on a kiln as in the ordinary system of malting and sometimes by 
means of a drum working substantially in the same manner as the germinating 
drums. 

This system of malting has advantages in economy of space and in saving of labour, but it is 
regarded as being very expensive in first cost and in subsequent upkeep. There arc a number of 
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plants at work in Great Britain, although maltsters generally do not view the results from them ui\ 
favourably. 

Another system of malting which, like the former, is of German origin, is the liischkc system, 
a patent device which consists of a number of moving wiie beds. The giam is dcliveied from the 
steeping tank on to the top bed and this moves over end rollers very slowK. '1 he glowing grain is 
discharged from the top to the nest bed and then to the next, and so on (ill when it is finally 
discharged from the bottom bed the process of germination is completed and the “given malt" is 
ready to load on to the kiln. 

Another system in vogue in Germany is that in which the malt is grown, /.c., geiminatcd on 
floors in the same way as in hngland, but the turning and ploughing of the growing grain is 
done by a specially constructed and patented machine. In the matter of kilns tin German system 
is generally that the hot gases do not come into direct contact with the malt during the curing 
process, but they are conducted through pipes running undu the kiln floois, which are made of 
wire, and the air passing over these pipes becomes heated and is diawn through tlu wuc floor 
and consequently through the malt, thus diving and rut mg it. 

Storing and Conveying Barley and Malt— in the malt-house described 
we assume that the barley will be brought in truc ks or carts, and stored in bulk, that 
is in bins, and for this purpose bins with self-emptying conical bottoms are used. 

It is usual to allow 10 cub. ft. per quarter for barley, and 12 cub. ft. per quarter 
for malt, when stoiing in bulk in bins. 



Fio. loo.—Pneumatic Transport of Malt from Malt House to Iheweiv. 
(Seek Engineding Co., London.) 


The method of filling the bins lias usually been done by means of a sack hoist, but for various 
reasons this is not advocated, an elevator, or, as it is sometimes called, a Jacob’s ladder, being 
much preferable. This should command a band conveyor in roof with a movable throw'-off carriage, 
delivering into the Ijarley stores by means of pipes, and if this hand is made to reverse so as to run 
in either direction, the roof can lie made to serve as a barley store, so as to facilitate buying in large 
quantities at the commencement of the season. The reason for making the band corn eyor 
reversible is that by means of one or two small intermediate elevators, the barley stored in the 
roof can be brought back over the cleaning machinery or steeping cistern for steeping. 

While elevators and band conveyors are very largely used for conveying and transporting grain, 
there are a great number of occasions when it is impossible to make use of these appliances. 

Where such conditions arise, the system of transporting grain by means of air suction is 
extremely useful. It can be used for connecting buildings up to 300 or 400 yds. apart from each 
other, and of varying elevation, without the need of any bridge, such as would be the case with 
band conveyors, while the absence of large elevator trunks going through floors is a great safeguard 
against fire. The tubes vary from about 3 in. to 6 or 7 in. diameter, and a great feature in their use 
is that corners can be readily negotiated, and rigid straight lines need not be adhered to. 

The illustration shows very clearly one of the uses that the Pneumatic Transport can be 
put to. 

Composition and Yield of Malt.—In general, iod naitsof air-dried barley yield 70-75 parts 
of cured malt. In the case of very nitrogenous barleys tne loss is greater than this. During the 
stoiing, the malt absorbs some per cent, of moisture. 
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100 parts of barley, containing 86 per cent, dry substance, lose :— 
In steeping - 

During germination by the evolution of gases like CO a 
Other losses during germination 


1.3 per cent. 
4.0 


Total loss 


10.4 per cent. 


J. S. Baker (Allan’s “Commercial Analysis,” vol. i., p. 133, 4th ed.), gives the following figures 
to illustrate the difference between barley and malt (English):— 



1 

Moisture. 

Proteins. 

Fat. 

Sugar and 
Gum. 

Staich. 

Fibie. 

Ash. 

Barley 

15 

IO 

1 2 ' 

11 

55 

5 

2 

Malt 

2 

II 

° 

16 

63 

6 
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ANALYSIS OF MALT. 
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Julian S. Baker. —Allan’s “Commercial Analysis,” 4th Ed., vol. i., p. 134, gives an 
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„ ,, on “Coloured Malts and Caramel,” 1910. (Price 

7d.). Institute of Brewing, Brewers Halt, Addle Street, London, K.C. 

G. Cecil Jones. —“Standardisation of Malt Analysis.” (fount. Instit. Brew ., 1905). 

,, “Diastic Power by Lintncr’s Method.” (Ibid., 1907). 

II. T. Brown. —Jottrn . Instit. Brew., 1916, xxii, 267. 

A. Fern bach. — -Journ. Instit. Brew ., 1916, xxii., 370. 

11. IIeron and J. M. Heron, Joum. Instit. Brew ., 1914, xx., 465; 1902, viii., 666. 

A. R. lAUG.—fottrn. Instit. Brew ., 1900, vi., 355; 1902, viii, 441. 

See also numerous other papers in the fount. Instit. Brew, within recent years. 


The brewing value of a sample of malt depends upon (1) amount of soluble extract it yields to 
water and nature of same; (2) its diastatic capacity. 

To Sample .—Draw from one sack in ten at a depth of at least 6 in., put into small bin, mix, 
and collect samples in clean screw-stoppered beer bottles. 

For analysis, grind in a “Seek Laboratory Mill” set at 25% and grind separately for each 
determination. 

Extract Determination.— Mash 50 g. in a 500 glass beaker with 360 c.c. of distilled water, 
previously heated to 68° C. (I54°-I55° F.). Cover with clock glass and place in water bath to 
keep at 66° C. (150° F.) for fifty-five minutes, stirring at intervals of ten minutes. Then heat 
to 70° C. (158° F.) for five minutes, and wash into a flash graduated to 515 c.c. (15 c.c. = allow¬ 
ance for volume 50 g. malt). Cool to 15.5 C C. (6o° F.), make up to mark with distilled water, 
and filter through a large-ribbed filter paper. Take sp. gr. at 15.5° C. (6o° F.), taking water 
at 60® F. = 1,000. 

The excess sp. gr. over water (== 1000) multiplied by 3.36 gives extract in brewers’ pounds per 
standard quarter of malt. 

Colour of Wort. —Place immediately clear filtered wort in i-in. cell of the Lovibond tinto¬ 
meter, and record tint in colour units of the series of “ 52 ” glasses. Avoid direct sunlight, and 
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reverse glasses and cell to be certain the field is equally illuminated. (See J. L. Baker and 
If. F. E. Hulton ,/ourn. Instit . Brew. t 1906, 12, 302 ; 1907, 13, 26 ; Lovibond, ibid. , 1908, 14, 2.) 

Moisture. —5 g. of ground malt are heated five hours in boiling water oven in a copper dish 
5 cm. diameter and 1.25 cm. depth. Loss of weight represents moisture. 

Diastatic Activity (Lintner value).—The diastase acts on the starch and produces the sugar 
maltose. The amount of maltose produced may be taken as proportional to the diastatic activity of 
the solution, provided that the production of the maltose does not exceed 45 per cent, of the starch. 
(See Kjeldahl, “Compt. rend, des travaux du laboratoire de Carlsberg,” 1879, i., 109; also A. R. 
Ling, fount. Fed. Instit. Brew. , 1896, 2, 335.) 

The water used should be redistilled, with the addition of a little potassium permanganate and 
sodium hydroxide. The water must be free from ammonium salts and quite neutral. 

The soluble starch used is prepared by digesting 500 g. purified potato starch for seven days with 
1,000 c.c., of dilute HCl, sp. gr. 1,037, washing until free from acid, first by decantation with tap 
water, and later with distilled water in a Buchner funnel. Dry quickly at no 0 F. (43.5 0 F.), 
triturate in mortar, and pass through fine hair sieve. 

The soluble starch solution used contains 2 g. starch to 100 c.c. water. Add the starch to the 
boiling water, and cool to 70° F. for use. It must be neutral to litmus, only very slightly reduce 
Fehling’s solution, and be mobile (not gelatinous). 

Process of Determination of Diastatic Activity. —Extract 25 g. of ground malt for three hours 
nt 70° F. Filter. Neglect first 100 c.c., add 3 c.c. of clear extract to 100 c.c. of the 2 percent, 
solution of soluble starch in a 203 c.c. Husk at 70° F. Keep for one hour at 70° F., then add 
IO c.c. N/to alkali to stop further diastatic activity, cool to 6o° F., and make up to 200 c.c. with 
distilled water. Then titrate against 5 c.c. portions of Fehling’s solution as follows : — 

Place 5 c.c. Fehling’s solution in 150 c.c. boiling flask, heat to boiling, and add the converted 
starch solution from a burette in quantities of about 5 c.c. at a time, shaking the mixture after each, 
addition over the naked flame, and boiling until reduction of the Fehling solution is complete, which 
is ascertained by withdrawing a drop of the liquid by means of a glass rod, and bringing it at once 
into contact with a drop of ferrous thiocyanate solution on a porcelain slab. 

If A' represents the diastatic activity, x the number of cubic centimetres of malt extract contained 
in 100 c.c. of the diluted starch conversion solution, and y is the number of cubic centimeters 
of same liquid required to reduce 5 c.c. of the Fehling solution, then 


A , = iooo 

*y ’ 

When the malt has a diastatic activity over 50 Lintner, use 2 c.c. of malt extract to 100 c.c. of 
2 per cept starch extract. 

Cold Water Extract. —Digest for three hours at 70° F. 25 g. ground malt with 250 c.c. of 
distilled water containing 20 c.c. N/10 ammonium hydroxide. Stir at intervals. Filter. Take 
sp. gr. at 6o° F. (water = 1000). Then cold water extract is given by excess sp. gr. over 1,000 
(corrected for sp. gr. of the ammonia solution) divided by 0.386. English malts average 18 
per cent, cold extract. 

Acidity of Malt. —Digest 50 g. ground malt with 300 c.c. of distilled wafer at 6o° F. for 
three hours, and titrate with N/10 ammonium hydroxide, using litmus as indicator. 

Calculate acidity as lactic acid (really due to acid phosphates). 

Nitrogen. —Determine by Kjeldahl’s method. Per cent. N x 6.25 gives nitrogenous matter. 

Saccharification Test .—Mix 10 g. ground malt with 100 c.c. water at 154 0 F., and keep at 
151 0 F. stirring mash. In fifteen minutes withdraw 5 c.c. of mash, cool, and test in starch by 
iodine. Repeat every five minutes until the solution no longer reacts for starch. 

This gives the time required for the complete saccharification of a malt mash. 

Sinker Test. —Throw 500 malt corns into cold water. Remove floating corns. Vitreous corns, 
etc., will sink to bottom, and can be counted. 

Growth. —200 malt corns are sorted into the following six groups according to development of 
acrospire : o to $ ; £ to } ; £ to f ; } to 1 ; overgrown corns ; damaged corns. 

English malt should contain 80-100 per cent, corns from f to fully grown. 

Test also for Arsenic. 

State results, thus 

Extract per standard quarter, brewer’s pounds. 

Afoisture , per cent. 

Diastatic activity (Lintner value). 

Tint (10 per cent, wort, 1 in. cell, 52 ” series Lovibond), 

Cold water extract per cent. 
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BREWING 

Theory of Brewing. —The malt contains, as we have already seen, a con¬ 
siderable amount of starch and its degradation products. It also contains the 
enzyme diastase in considerable amounts. The malt is crushed and mixed with 
hot water (i6o°-i68 ° F.) in a mashing vat. The diastase now acts powerfully upon 
the starch, converting it into sugais# 



Fig. 1 ro.—“Seek” Laboratory Mill. 
(Seek Engineering Co., London.) 


The diastatic degradation of starch is no simple change. According to Brown and Morris the 
starch molecule consists of five amylin groups, each of formula [(',>1 laoOiolf° ur radicles being 
grouped centrally round the fifth, thus:— 


f< VIooO; 


12 1 'ao^io J->o\ X Qia^ lao^io], () 

>[C 12 n, 0 o J0 ] / 

lOVU./ \c I2 u lw o 10 ] J0 


[C 12 H 


Diastase splits up this complex molecule, hydrolysing it into four groups of amyloins, while the 
central amylin group remains unchanged (and not being attacked by alcohol-producing enzymes, 
is left unchanged throughout the whole course of brewing operations), forming what is known as 
stable dextrine, according to the equation: — 


Starch. Water. Stable Dextrine. 

S(CQ2^1‘2o^iolio) + 4 M.HjgO = + 


Am>loins of Vaiious Types. 

| (Cj 2 ll220 n )w-<—Maltose radicle. 
4 l (CyijaoOio)!'*^—Dextrine radicle. 


The amyloins are compounds of maltose and dextrine, and exhibit the properties both of maltose 
&nd of dextrine. 

As the process of hydrolysis proceeds the amyloins pass into lower degradation products which 
are richer in maltose, the final product of transformation being maltose. Several amyloins have 
been isolated, <?.£*., (CjaHaoOjoMCjfiHggOn) (amylo-dextrine) and (C 12 H 20 O 10 ) J .(C J2 ]I 22 O n ) (malto- 
dextrine). 

The amyloins are not split up in the primary fermentation ; in the secondary fermentation they 
are converted, more or less rapidly according to their type, into maltose. They are of two types, 
“high” and “low.” A beer of a stable character must contain a considerable proportion of nigh- 
type amyloins (which are the first product of the action of diastase on starch), and consequently is 
produced by restricting the action of diastase in the mash-tub. A beer which is to “ condition ” 
rapidly must contain a sufficient amount of low-type malto-dextrine (which are later products of the 
action of diastase on starch). 
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The type of malto-dextrine ultimately produced from the starch in the malt can be regulated both 
in the malt-kiln and in the mash-tub. Higher types are produced by low kiln and high mashing 
temperatures, whereas lower types are produced by high kiln and low mashing heats. 

It is therefore possible to regulate on scientific lines both the quantity and the type of amylolns 
which are suitable for a particular beer. 


The hydrolysis of the starch by the diastase proceeds best between 4o°-6o° C, 
but the temperature is often raised to 70° because the starch should be gelatin¬ 
ised, the attack being then more rapid. The starch of the malt dissolves much 
more easily than that of the raw grain. The dextrines produced, (C 12 H 20 O 10 ) n .H 2 O, 
are amorphous, reduce Fehling’s solution, and are strongly dextro-rotatory. As 
the molecule breaks up under the action of the diastase the dextro-rotary power 
diminishes while the power of reducing Fehling’s solution increases. 

Only the low grade dextrines are fermentable with yeast. 


The following table shows the rotary and copper-reducing power of some of the products of the 
break up of the starch molecule : — 


Soluble starch, (C ]2 1 L,/), 0 ) U 
Amylo-dextrine, (C 12 l I a ,( ) l0 ) 7 .II y O 
Malto-dextrine a, (C 1 q 11 uqO|o)i*H 3 ('> 
Malto-dextrme y 
Maltose, (CigHjjoOii) 


! Specific Rotation 

1 Mu. 

1 

Coppet-Reducing ! 

Power | 

(Maltose —10c). 

■4 

1 

O 

1 +187° 

9 

1 +180” 

33 

+ I70 O 

60 

+ 137 ° 

100 


The Maltose, + H { C), is easily soluble m water, crystalline, tasting but slightly 

sweet. It hydrolyses with acids into 2 molecules of dextrose and gives with phenyl hydrazine a 
difficultly soluble dextro-rotary osazone, C 2 JI;aN 4 Q 9 (see pp. 166, 167, Glucose). 


Under favourable conditions over 80 per cent, of starch can be converted into 
dextrose by diastase, the other 20 per cent, remaining as dextrine in the liquor. 
After the destruction of the maltose by the yeast, this dextrine is slowly hydrolysed 
to maltose. 

As will be seen in the next chapter it is the object of the distiller to convert all 
his starch into maltose, but the brewer, on the other hand, intentionally leads the 
mashing process in such a manner that a large amount of unfermented dextrine 
remains in the beer and as “extract ” foims the nutritious part of the beer. Hence 
in brewing matters are arranged so that only about 60 per cent, of the starch is 
transformed into fermentable carbohydrates. 

In order to obtain a dark beer and produce a pronounced malt flavour caramel and black malt 
(#.*., malt browned by heating to a considerable temperature in rotating drums) are added in small 
amounts mixed with other materials. Malt substitutes, raw grain, and brewing sugars are also 
added at this stage: (1) for producing very stable l>eers, since they contain little albumen; (2) for 
producing paler beers than could be produced with malt alone; (3) for reducing the cost of pro¬ 
duction. Among such products may be mentioned raw grain, rice, corn grits, corn meal, maize 
flakes, brewing sugars, etc. Flakes are produced by steaming corn grits and passing them through 
hot steel rollers; this makes them dissolve better during mashing. Raw grain, com grits, rice, 
etc., require previous cooking, whereas flakes are added directly to the wort in the kettle. Brewing 
sugars are used for producing lager beers, English ale, stout, etc. 

The mashing takes about three hours. The hops are added to the boiling 
wort for the purpose of imparting (1) tannin, which forms insoluble compounds 
with albuminoids, and thus causes them to coagulate out; (2) hop oil, which 
gives the beer its hop aroma; (3) hpp resin, which imparts to the beer a bitter 
taste and also acts as a preservative. 

While adding the hops the wort is thoroughly boiled, the best hops being added 
last, so that the volatile hop oil may not be driven off. The boiling sterilises the 
wort and coagulates the albuminoids, which separate in flakes. 
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The wort is then run off, cooled to a suitable temperature in a refrigeratoi 
(56**60° F. for English top-fermenting beer), and the yeast is added to the wort in 
the fermenting tanks. The yeast rapidly develops, and converts the sugars into 
alcohol and carbon dioxide by what is called “primary fermentation,” thus 
converting the wort into beer. The yeast is then separated and this beer stored in 
tuns, where it ripens, undergoing secondary fermentation (“after” fermentation). 

Waters for Brewing Purposes 

Waters adapted for producing pale ales contain calcium sulphate in fairly large quantity. 
Thus the Burton waters, which are extremely well adapted for this purpose, have the following 


composition :— 

Grains Grains 

per gallon. per gallon. 

Calcium sulphate - - - - 77.9 Sodium chloride - - - 3.9 

Magnesium carbonate - - * 21.3 Sodium nitrate .... 2.0 

Sodium sulphate - - - 10.2 Potassium sulphate - - -1.6 

Calcium carbonate - - * 7.62 Silica and alumina ... 0.98 


The best brewing effect is obtained from 40-50 grains of CaS 0 4 per gallon. 

Waters adapted for producing black beets must be soft, containing, however, fairly large 
amounts of calcium and magnesium carbonates. Since these latter substances are almost entirely 
precipitated by l>oiling, the water as actually used in the brewery contains only 2-3 grains of solid 
matter per gallon. London and Dublin veil waters are well suited for beers of this type. An 


analysis of a Dublin well water gave : - 

Grains Grains 

per gallon. per gallon. 

Calcium carbonate - - - 14.2 Magnesium carbonate - - -0.90 

Calcium sulphate - - * 4.4 Silica.0.26 

Sodium chloride - 1.83 Iron oxide and alumina - - 0.24 


Waters adapted for producing mild ales must contain a large amount of chlorides and 
little calcium sulphate. The following is a typical analysis :— 

Grains 
per gallon 

Sodium chloride - - - • 35.1 Magnesium carbonate - 

Calcium chloride - - ■ -3.9 Iron oxide and alumina 

Calcium carbonate - • - 16.4 Silica .... 

Calcium sulphate - - - 6.2 

No single water possesses the qualifications necessary for producing every class of beer. To 
render a water suitable for producing a given type of beer it is necessary to analyse it accurately 
and then add to it the proper amount of calcium sulphate, magnesium sulphate, calcium chloride, 
etc., to bring it up to the standard conditions. If a water contains too much calcium sulphate it is 
usual to dilute the water with a soft one so as to reduce the percentage of CaS 0 4 to the proper 
amount. In some cases precipitation by Na 2 C 0 3 is resorted to for removing the CaS 0 4 . The 
addition of Na. 2 C 0 8 , followed by CaCl 2 , is resorted to for getting rid of excess of iron. 


Grains 
per gallon. 

- 4.0 
O.24 

- 0.22 



267 


THE PRACTICE OF BREWING AS GENERALLY 
ADOPTED IN ENGLAND 

General Arrangement of the Brewery 

In deciding upon a site for a brewery a place must be chosen having a natural 
supply of good water to draw from, independent of town supply, as the require¬ 
ments in this respect are very large. The character of beer is governed to a large 
extent by the quality of the water used in its production. In cases where the water 
is specially suitable for brewing, large and important brewing centres have been 
formed. Thus the hard water of Burton-on-Trent has gained for this town a 
world-wide reputation for pale ales, whilst the softer London and Dublin waters 
have brought the stouts produced in these centres into equal prominence. As, 
however, science is now capable of treating water so as to imitate the conditions 
required, the choice of site is very largely governed by the local demand. The 
site having been selected and the size and output of brewery having been deter¬ 
mined, the general working arrangement of the necessary plant has to be decided 
upon, and, needless to say, the arrangement should be such as to minimise labour 
and consumption of power as much as possible. 

There are two systems of constructing breweries generally in use, known as the 
tower and horizontal systems, both having their recommendations. The tower 
system is worked entirely by gravity, that is to say that the process of manufacture 
involves treatment floor by floor, descending by stages until the finished beer is 
ultimately dealt with on the ground floor. 

The horizontal system, while it involves a large area, is one enabling the 
manufacture to be conducted at a low level, very often a great advantage, the 
process being to erect pumps, elevators, etc., for conducting the material during 
the stages of treatment from vessel to vessel. Often the system adopted is 
a combination of the two types of breweries having a minimum of pumping, while 
at the same time keeping the height of building within reasonable limits. 

As a rule the water (or as it is technically known, liquor) is pumped from 
the source of supply direct into the cold liquor tank at the top of building. 
From this tank it is drawn by gravity for the purpose of boiling, cooling, and 
cleaning. The heating of water in the hot liquor tank is performed by steam 
coils which raise the temperature of the liquor to the desired number of degrees. 

The principal ingredients used in brewing consist of malt and hops, although 
in some cases varying proportions of maize (flaked or in grits), invert sugar, etc., 
are used, together or separately, these materials in their chemical composition 
being very similar to malt. For the purpose, however, of this article, we assume 
that the brewery is one in which malt and hops are used. The malt, the 
manufacture of which was described in the preceding pages, is brought into the 
brewery usually in sacks and hoisted to a malt store over the screening and 
grinding room. 

Where the maltings or malt stores are adjacent to the brewery, a great advantage in saving of 
labour and time and prevention of slackness in malt can be attained by the use of the system of 

f neumatic transport, introduced into this country by the Seek Engineering Co. Ltd. (see p. 263). 
n this case the rather dangerous method of hoisting the malt is done away with, and the malt is 
brought instead from the maltings or stores through tubes by means of air suction, quite free from 
floating dust. 

The malt is then shot from the malt store into a malt hopper which preferably 
is large enough to contain sufficient for a brew. 

The hopper commands the malt screen, which is a machine haying revolving 
wire or perforated cylinders for removing large substances, heavy dirt and culms, 
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and should be fitted with a polisher to remove any deleterious substances adheung 
to the skin of the malt (^e p 257) 

1 he clean malt as it It ms the screen is lifted by a shoit elevator to the malt 
gimdmg mill 

1 Ins tpiesli 1 l Ins net Owns letuvid the Ulcnlion it u ill\ mciited, md it is only 

of lite years tint \ u ills scientific prepiration of the gust has bten in ide possible, by the adoption 
of the puiKiplecf tlie w e< 1 Pittnt Malt Mill 1 he malt is it enteis this mill is distributed by 
means of a very mutinous feed roll, ensuring an accuritc md even stieim of malt light across the 
clushing r 11s Ihc null is (onstiueted with two panscf rolls, one above the otlitr and hiving a 
sieving device bt tween I he malt is only liglitlv crushed by tilt t rst pur of rolls, and the resulting 
ground niteri d which is ctiled grisl falls on t) the sieve This sic\c his a rcciproc itmg motion 
md h is the effect of separilmg the gianulir gilts of the nnltluntl, which lie sufticiciitly reduced 
fer brewing proposes from the husks these guts \ ss tin ugh the su\t md rccenc no furthei 
treatment while tlie husks with any haid steclv ends ci large couse guts idhcring, passover the 
sieve and so to the hwer i ur of rolls where they ate ucrushed the u 11 being set closer together 



Fi ill — Seel 1 itu i M ilt Mill (Seel Ingin mm, ( a I mil an ) 


fat this purpost Hus system of gnnding enstiics the nnunmm e\ti act h i binned from the 
null and at the same time gives luge ff ikv husks so csscntnl t a pr per liltiatu n ci drunagt in 
the mish tun (see 1 igs hi 113) 

Mashing'. — lhe grinding is usually performed a few hours btfoie mashing, 
and the grist case should be proteeted from the effeets of damp, as the grist readily 
absorbs any moisture, and this has a very detrimental effect on the resulting extract, 
and also on the quality of the finished product At the bottom of the grist case 
is fitted a S iteVs mashing machine (bigs 114, 115) 

This consists of a cylinder having a spindle running through from end to end, and on this spindle 
ire mounted forks and blades placed at an angle for propelling and mixing the grist as it passes 
through the said cylinder on its way to the mash tun I his spindle is provided with driving pulleys. 
In mashing, the hut liquot, at a temperature of 160° F , is introduced into the sides of mashing machine 
m the form of 1 spray, at the same time the grist is allowed to fall from the grist case The mash, 
as it is now tailed, is proptlltd, as btfort desc rilxjcl, through the machine into the mash tun. 
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'Ihc mash-tun itself is a circular vessel mack of cast iron or coppei, and pio- 
vided on the outside with lagging and insulating material for the purpose of 
retaining the heat of the mash, while the lop has a c ovei made with doors to lift 
up to give at cess to tin tun (see Figs 115, 116) 


1 He interim of the tun is lilted usuall) with a 1 
shaft rising through the centre of tun, carrud on 



ll(* 112 —Piagiam showing 
Method of \\ orking in Seck Mill 
foi usuil litewcrv guipures 


it tune known as a lake 1 Ins consists of a vertic il 
footstep bearing, and piuuded witli dining gtai 


Malt 



In 113 - Diagi'im showing 
Slide in position fc 1 Rtgniidmg 
(oils 


1 he end of the mi tic d sh dt msidi tun is conni c kd 1>\ 1 h \ c 1 ge ir wlu eK to \ hoi 1/01 it d sli 1 ft w Inch 
icvolws on its a\is, and at llie san e time tone Is lound the intiiic 1 of the tun r I his shaft is titled 
with a number of forks which aie intended to stir up the mash and distnbutc it e\enl> o\ei the 
interior of the tun At about m from the bottom of tun is fitted a slotted pi etc toMiing the 
whole surface area of the bottom, the slots being small enough to pic\cnt an\ of llie solid portion 
of the mash from going through, but Urge enough to allow the went to peieolate thiou to h, wort 
being the none gnen to the liquor at tins stage. 



Fic». 114 —Llewelhns & James’ Improved u Steel s ” Mashing Machine 
(Llewelhns James, Bristol ) 


In the early stage of mashing, underletting is sometimes resorted to, and tins 
consists in introducing hot liquor into the bottom of the tun by means of pipes 
fixed at regular intervals m the actual bottom plates, and generally at some degrees 
higher temperature than is used for mashing. These pipes aie also used foi 
beating the tun 'before mashing. The mash is now allowed to stand for about two 
hours. The next process consists of washing out the woit from the* mash (or 
“ goods M ). Foi this purpose an appaiatus known as the sparger, which k fixed 
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IXDCSTR1AL CHEJf/S TRY 


inside the mash-tun at about the level of the top, is used, and consists of two 
perforated copper pipes, fitted to a revolving centie, and through which liquor is 
introduced. The perforations aic at one side and bottom only of the pipe, the 



Fl(r.II v -Cast Iron Mxsh-Tun, showing Internal Raki Mailing Miclunu Sied’s 
Machine, (. upper Sparger, Coppu Slotted 1 alst Bottom, etc. 

(II islam 1 oundry and Engineering Co , Derby.) 


hot liquor flowing out acting as a driving power causing the pipes to revolve and 
distribute the hot liquor in a very fine spray over the goods. The sparging liquor 
has generally a temperature of i 7o"-i95° F. 



Frw. 1i6.*~ Mash-Tuns 4br Malt, at Guinness’s Brewery, Dublin, 
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The wort is carried away by means of the pipes in the bottom of tun through 
a sampling pan, and by gravity direct to the under back and from thence to the 
copper. The underbade is a vessel made either in cast iron or copper, and is 
provided as a source of supply to the copper, and as a means of safety, preventing 
the danger of burning the bottom of copper when finished wort is discharged. It 
is also used in some breweries for the purpose of continuing the action of the 
diastase after the wort leaves the mash-tun, and m this case is provided with either 
a steam coil or steam jacket for the purpose of maintaining the correct temperature. 

I11 some brewenes wheic iaw giarn is used, an appaiatus calk d a “ Raw Grain Converter’ 5 is 
often used (Fig. 117). It consists of a strong vessel heated internally by steam, as shown. 

The malt and grits are mashed together in the appaiatus, and'when convcision is effected, let 
down into the ordinaly mash tun underneath, which simply acts as a hllcr ; the woit is then pumped 
back into the converter and boiled, as in the ordinary copper, the hops being added m the usual wav. 
The contents aie again, after boiling, let clown into the mash tun, which in tins instance acts as the 
hop luck. The apparatus thus acts first as a law grain convener, secondly as a mash-tun, thirdly 
as an ordinary boiling copper. No hop hack is needed, as the mash-tun serves for this purpose. 

The use of raw gium 111 the manufaduu of malt liuuoi, piovukd it is wisely done, is stated to he 
decidedly advantageous to the quality of the Ixcr produced, and is also very economical. With this 
apparatus as much as 50 per cent, of raw gram can be used, and it (an also be used in lieu of the 
coppi r for boiling the unit. 



X N 

lie.. 117.— Raw Ciiam Comciter. 
(Ilaslam 1 oundiy and Fngincermg Co., Derby.) 


Boiling and Hopping the Wort.— The copper is a vessel made in either 
cast iron or copper, principally the latter, and is heated either by a furnace under¬ 
neath or by steam coils or steam jacket (Figs 118, 119). 

The wort having been run from the underback into the copper, is brought to 
the boil and the hops introduced at various intervals during the boiling period, 
the best hops being added last, so that the volatile hop oil is not all driven off. 
The amount of hops added to English ale and porters amounts to 10-15 lbs. per 
1,000 gals., or, say, 10 lbs. hops for each quarter of malt. German brewers use 
far less than this, namely, 1 £-8 lbs. per 1,000 gals. The whole is allowed to boil 
generally for two hours and is then discharged into the hop back. This is a vessel 
large enough to contain the complete contents of the copper. It is made from 
cast iron or copper, and is fitted with a perforated false bottom fixed at 1J-2 in. 
above the true bottom of the vessel. In this vessel the wort i*» allowed to stand 
for ten to fifteen minutes to allow the hops to settle on the false bottom, where 
they then form a filtering medium through which the wort runs off bright, the spent 
hops retaining most of the sedimentary matter. 

Cooling the Wort. —The wort is now pumped for the first time by means of 
a three-throw pump up to the cooler, into which it is sprayed out through a 
perforated pipe or a spieader. This has for its object a partial aeration of the wort 
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I 1 10# Ii8. —Open 1 ire Wort Coppei. (Liewclinic fames, Bustol.) 


before it settles into the cooler. 'I he cooler is a vessel made of cither cast iron, 
^ood, or copper, and large enough to contain the whole of the contents dischaiged 
from the copper. The use of the cooler is partly to collu t solid matter precipitated 

by the aeiation and drop 
m tempuatuic, and to act 
as a source for lcgulating 
the supply of i\ort to the 
lefngtrators or coolers 
situated immediately be¬ 
low. 'Ihc refrigerator can 
be made either horizontal 
oi vertical. The vertical 
type, as shown in Fig. 120, 
consists of a battery of 
coppei tubes, one above 
the othei, of such a shape 
to present a maximum of 
cooling surface to the 
falling wort. The inside 
of tubes receives a con¬ 
stant supply of cold liquor 
derived from the cold 
liquor tank, while the wort 
is distributed by means of 
a specially perforated pan 
at the top, which is regu¬ 
lated to allow a thin stream 
to trickle over the exterior 
of the tubes. By means 
of this arrangement it is 
possible to aerate and 



Tie. 119.—Steam Wort Copper. 
(ITasKim I oumlry and Engineering Co., Derby ) 
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cool the wort from the temperature in the cooler to the temperature at which it 
is desired to pitch or collect into the fermenting vessels. This is usually 56 < ’-6o° F. 

Composition and Analysis of the Wort. —The strength of the wort is 
determined by taking its specific gravity at i 7.5 0 C. This gives its concentration 
in sugar and the amount of malt extract. 

Worts for light beers contain al>out 10 per cent, extract, hea\ter beers (/.£., German Bayeriscli) 
12-14 per cent., while some English beers have worts containing 16-18 per cent, and more extract. 

The duty on beer is levied at the rr„te (1910) of 7s. Qd. for each barrel (36 gals.) of wort at a 
sp. gr. of 1.055 ( or » as In the trade, at a gra\ ity of 1,055), an allowance of 6 per cent, being made for 
waste and loss during fermentation. The volume of the woit is measured by the excise officer in 
the fermenting vats or collectors before feimenting, the number of gallons of wort corresponding to 
each inch of depth of the vat being caiefully gauged, and the number of gallons of wort actually 
contained in the vat is found by the dipping rod, a boxwood rule divided into inches. 

If the wort has a greater gravity than 1,055 sp. gr. 1.055) it must be reduced to its equivalent 
in gallons at the standard gravity of 1,055. The calculation is made by multiplying the volume of 
brew in gallons by the excess of gravity over 1,000 (sp. gr. 1.000 ■= pure water) and dividing by 55. 
Thus suppose a brew of 4,000 gals, has a gravity of 1,060 (sp. gr. 1.060). Then 4000 / (1060- 1000) 
= 240,000. This figure is divided by 55, the excess of standard gi.nity over i.ooo. Tins gives 

--4 0 ’000=4327,2. That is, 4.000 gals n( unit of sp. gj. 1.060 are oqui\a’e*it to 4327.2 gals, of w »rt 

at the standard gravity of 1,055, and it is on this figure that the duty is levied, less 6 per cent, foi 
waste deducted. A quarter of malt (336 lbs.) is supposed to yield four barrels of wort of sp. gr. 1.055. 



Fid. 120.—Refrigerator or Cooler. 
(Ilaslam Foundry and Engineering Co., Dei by.) 


The excise authorities reckon as equivalent to a quarter of barley (336 lbs.): 224 lbi. cane sugar ; 
256 lbs. glucose (invert sugar); 256 lbs. flaked maize or rice ; 272 lbs. syrup No. 1, weighing 14 lbs. 
per gallon ; 328 lbs. of syrup No. 2, weighing 13 lbs. 2 oz. per gallon. 

The following is the composition of a tvpica! wort:— 

Specific gravity - - 1.056 

Maltose - - 8.880 

Non-malt&se - 4.82 

Nitrogenous matter - 0.830 

Ash ...... 0.234 with 0.085 r 2 0 4V 

Ratio of maltose : non-maltose = 1 : 0.54. 

Everything that reduces Fell ling's solution (alkaline copper sulphate solution) is counted as 
“ maltose ” on the basis of the reducing power of pure maltose. As a matter of fact, however, a 
considerable amount of the reduction arises from unfermentable dextrincs, cane sugar, glucose, and 
pentoses, and no simpler method is known of differentiating between the individual effects 
contributed by the different sugars and the dextrines. The fermentability is best determined by 
actually fermenting the wort with yeast, and estimating the alcohol. Here, however, the difficulty 
is that different yeast races produce very different amounts of fermentation. The nitrogenous 
substances are principally peptones and amides, and are very important foods for the yeast. The 
ratio of maltose 1 non-maltose varies from 1 : 1 to 1 :0.3. 

Fermenting the Wort. —The cooled wort is now drawn from the pan in 
which the refrigerator stands into the top fermenting or collecting vessels. As soon 
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as* the wort has started lunning into the (ollecting vessel, the yeast (which has first 
been thoroughly well loused and mixed in with some of the woit in a small 
separate vessel) is added. This is for the purpose of setting up the action of 
fermentation. When all the woit has been collected, it is allowed to stand until 
a yeasty head begins to form, the time required for this being in various cases 
from twenty-four to forty-eight hours. Immediately this head begins to form, 
the wort is run into the dropping fermenting vessel immediately below, leaving 
any extraneous maUer in the top vessels, thus giving a cleaner wort for the final 
fermentation. For the purpose of removing the yeast thrown up by the fermenta¬ 
tion an apparatus called a skimmer and parachute is provided. The skimmer is 
a wooden blade which passes over the top of the wort and just pushes the >east 

head into a parachute, which is 
a funnel-shaped vessel having a 
tube running through the bottom 
of the fermenting vessel into the 
yeast vessel below. 

The fermenting vessels are 
also fitted with coils of pipe 
called attemperators through 
which cold and hot liquor may 
be run to raise or lower the 
temperature of the fermenting 
wort to the desired degree. 
This varies from 56^75° accord¬ 
ing to the strength of the beer. 
'I he wort, which has now by the 
process of fermentation been con¬ 
verted into what we know as 
beer, is now ready for putting 
into casks. This part of the 
process is usually described as 
racking. For Rate of Fer 
mentation see p. 240. 

In England, where top fermentation 
is employed at a high temperature, the 
process usually lasts about eight days. 
In Germany, however, whcic “ bottom 
fermentation ” is almost exdusnely em¬ 
ployed, and the temperature is kept as 
low as 5' 6* C. (41'-43° F.), the fer¬ 
mentation takes about twelve days. 

The progress of the fermentation is 
Flo. 121.—Copper Fermenting Round, with Jacketed followed day by day by the alteration 

Wood-Casing, Skimmer, and l'arachute. in the specific gra\ ity of the clear filtered 

(Llewellins * Tames, Biistol. using the saccharometcr for the 

* purpose. On the C ontinent, Balling s 

saccharomcter is employed, and it reads 
directly the “apparent extract” as degrees “Balling,” e.g ., in the wort sample, p. 275, the 
“apparent extract” on the first dav is 13.7, and on the twelfth only 6. Hie amount of “true ex¬ 
tract” is also determined with the saccharometcr, after removing the alcohol by boiling (the 
alcohol having a specific grauty less than 1), and making up the volume to its original amount with 
distilled water. In the wort sample on p. 275 itamounts to 7 on the twelfth day; and, conse¬ 
quently, 13.7-7.0=6.7 per cent, of extract has disappeared, having been converted into alcohol, 
lienee the “degree of fermentation” of the wort is:— 



loss o f e xtrac t x I00 ^ 6-7 
original extract 13.7 


100 = 49.0. 


The storage period in cask varies to a large extent, some beers being sent out 
immediately after racking, and others being kept in cask for a long time, sometimes 
twelve or eighteen months or longer. Racking is mostly done in the cellars, which 
should be kept at an even temperature all the year round. 
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Alteration in a Wort during Fermentation 



Original Wort. 

Eighth Day. 

Twelfth Day. 

Specific gravity - 

Per cent. Balling (apparent extract) 

True extract ----- 

Alcohol. 

Maltose. 

Nitrogenous substances - 

Asli. 

p 2 o 5 . 

Maltose : non-maltose 

Degree of fermentation - 

1.056 

13-7 

13 7 

0 

8.88 

0.83 

0.234 

0.084 

1 :0.54 

1.028 

6.7 

7.6 

2 - 95 

3 - 34 

0.66 

0.222 

0.079 

1 : I.27 
44*5 

1 025 

6.0 

7.0 

3 - 2 S 

2.19 

0.60 

0.220 

0.078 

I : 2.IO 

49.O 


The beer, or barm ale as it is called, is drained or pressed from the yeasts which 
have been skimmed off through the parachute into the yeast back, and is returned 
to the fermenting vessel, whilst the yeast, or such as is wanted, is carefully placed 
in a cool place for use in a future brew. The residues from the brewing operations 
are spent or exhausted grains, hops or yeast or, as it is commonly called, barm, and 
there are various markets open for these commodities. 

In Germany a portion of the excess yeast is used for making yeast extracts ( Ovos , Sins)-. More 
recently, prepared yeast has been placed on the market as human food, as a substitute for meat. 
For this purpose the yeast is freed from the bitter hop taste by treating with sodium carbonate 
solution. Al>out 10,000 tons of yeast from German breweries can be utilised annually in this way. 

Bottled Beer for export is usually pasteurised by heating on the water bath for a half to one hour 
at 50°-6o° C. The use of antiseptics such as salicylic acid, boracic acid, saccharine, etc., for preserv* 
ing beer is unnecessary, and, indeed, highly injurious. 

A good percentage of alcohol, strong hopping, and perfect cleanliness in manufacture render the 
beer quite stable. 

One gicat essential for successful brewing is cleanliness. 
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FOREIGN SYSTEMS OF BREWING 

Manufacture of German Lager Beer 

The general trend of brewing within recent times has been in favour of light, 
bright beers, containing less alcohol and hops than the older types of beer. 

This trend has resulted in the almost universal production in Germany of beer, 
which is not only more palatable, but also less intoxicating and more easily 
digestible than most kinds of English beer. 

German beer (termed “ Lager ” in English, but “ Export Bier ” in Germany, 
the term “Lager” being reserved in that country for a somewhat different sort of 
beer) is produced on entirely different principles from English beer. English beer 
is produced by a process of “ Infusion,” whereas German beer is the result of the 
“ Decoction ” system. 

The process is as follows :— 

Mashing. —The “grist,” or ground malt, is mashed with cold water until 
thoroughly mixed, the temperature of the mash-tun being kept at 85 °-ioo° F. by 
the addition of hot water. 

One-third of the mash is then run into the mash copper (Afaisch Kessel ), and 
heated at 166 0 F. until the milky fluid becomes transparent, the starch being then 
rendered soluble by the diastase. 

The Dickmaische (as the fluid is now called) is boiled for a quarter to three- 
quarters of an hour, then a portion run back into the mash-tun proper, so as to 
raise the temperature of the whole to iio°-i25° F. After a few minutes another 
third is withdrawn and treated as before, forming the second Dickmaische. 
This is again returned to the mash-tun, and the whole thoroughly worked up, and 
allowed to stand, so that coagulated albuminoids, etc., may settle out. Then another 
third, which from its being a practically clear mash is called the Lautermaische, 
is withdrawn and thoroughly boiled to precipitate all albuminoids, and then again 
returned to the mash-tun, where the mashing is continued until the final tempera¬ 
ture is just over i6o° F. The hops are added, and the wort-run off and cooled 
to a low temperature, and yeast added. 

Fermentation of the Wort.—Here again the procedure differs entirely from 
the English practice. In the English top-fermentation system the wort is pitched 
and fermented at a relatively high temperature, viz., 55°-66° F. Moreover, pure 
yeast cultures cannot be used with success because the fermenting vessels are of 
great size, and present a large surface to the air for infection. Also the yeast comes 
to the top of the liquor and there develops .(top-fermentation), forming the head. 
The primary fermentation is very vigorous and rapid, being complete in two to 
three days, while the secondary fermentation is (in the case of running ales at least) 
over in fourteen days. Consequently the high temperature and surface exposure 
of the yeast (which are essential features of the English system) cause infection by 
foreign yeasts, and a rapid deterioration of any pure yeast culture used results. 
Also it is generally believed that there is no single type of yeast which will produce 
characteristic English beer. The simultaneous action of several species of yeast 
are necessary. Hence in English breweries pure single yeast cultures have not 
been a success (although the use of mixed pure cultures has been more promising). 
Some breweries, however, have used them successfully. See “ Brewery Infection 
and Pure Yeast,” by R. L. Sian, Journ. Inst Brewing , 1906, vol. xii., p. x 18. 

On the Continental system, however, all is quite otherwise. Here the yeast 
is a bottom fermentation sort, and the pitching and fermentation takes place at very 
low temperatures in cellars cooled artificially to 37°-38 9 F., and the fermentation 
vats are small in area. The yeast formed in the fermenting wort (the temperature 
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of which is seldom above 50° F.) lies at the bottom of the fermenting tun (hence 
the name bottom-fermentation yeast). 

All these conditions are eminently suitable for the employment of pure yeast 
cultures and the maintenance of it in an uncontaminated state. Hence the 
practice of brewing with pure yeast is universal in Denmark, Norway, Sweden, and 
is used in most of the breweries in Germany and Holland and in many cases in 
America. 

After eleven to twelve days the primary fermentation of the yeast is complete, 
and the beer is stored in casks in an ice-cold cellar for one and a half to six months 
or more, according to the class of beer produced. 

Nathan (German Patent, 135*539, November 1902) produces a good tasting beer in so short an 
interval as eight days by rendering the wort completely sterile in completely closed enamelled 
vessels, adding the yeast and blowing sterile air through the apparatus, whereby the yeast very 
rapidly develops. The process has excited much attention. For details see patent. 

Differences between English and Foreign Beers. —It should be observed 
that the English beers, produced on the infusion system, contain more alcohol 
and are more stable than the German or decoction beers. The latter also contain 
more unfermented malt extract and so are more nutritive than English beers; they 
are also less heavily hopped and more heavily peptonised than English beers. 
Since they are produced at very low temperatures they hold in solution a larger 
amount of carbon dioxide than English beers. 

English beers, however, are more stimulating and far more durable. For 
example “lager” beer cannot be kept on draught, and will not keep unless placed 
on ice. Consequently if a cask of lager beer is opened it must be rapidly consumed, 
for in a very few hours it becomes undrinkable, the gas rapidly escaping and the 
beer becoming flat and unpleasant. In Germany, therefore, every publican must 
have a supply of ice, which is frequently delivered by the brewery together with the 
beer. 

Certain “ alcohol-free ” beers which are manufactured are either merely malt 
extract or very weakly fermented beers containing but very little alcohol. 

Composition of English and Foreign Beers —The following analyses will 
give a general idea of the different compositions of the various English and 
Continental beers:— 


. 

Beer. 

i 

Total Solids 
(Extract) 
per Cent. 

Alcohol 
per Cent. 

English 

Beers. 

Pale ale. 

Light bitter .... 


4 - 3 z 

3-96 

5.58 

3-34 

Stout. 


5 -27 

6.11 


r Munich lager - 


6-95 

3-40 


,, expoit 


7 . 4 * 

4.12 

German 

Beers. 

Pilsener. 

Berlin Konigstadt (light) - 


5.10 

4.19 

3-49 

5.28 

,, ,, (dark) * 


773 

3-94 


NUrnberger (dark) - 


6.09 

3-51 


l Berlin weiss beer 


4.21 

2.82 
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V. —SPIRITS AND INDUSTRIAL ALCOHOL, 

INCLUDING DISTILLING PLANT 

By G. Martin, Ph.D., D.Sc., and W. H. Stephens, A.R.C.S. 
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Uses of Alcohol.—The greater part of the spirits now produced is consumed 
as a beverage in the form of brandy, rum, whisky, cognac, cherry brandy, etc. etc. 
Part, however, is used in making “ liqueurs,” which are alcoholised wines. 

Alcohol is also used on a very large scale technically for heating purposes 
(“methylated spirits”) in spirit lamps, for alcohol lamps, for motor engines, for 
the manufacture of ether, chloroform, chloral hydrate, glacial acetic acid, aniline 
colours, celluloid, xylonite, collodion, fulminating powder and explosives, transparent 
soap, synthetic camphor, artificial silk, synthetic aconite, belladonna, and other 
drugs, photographic emulsions, lanoline, vinegar, artificial lubricants, furniture 
polish, varnish, lacquers, enamels, quick-drying paints, dissolving resins for hat 
makers, goldbeaters’ skin, extracting vegetable alkaloids, etc. etc. It will be seen, 
therefore, that apart from its use as a beverage, alcohol is one of the most important 
chemicals, and its cheap production is absolutely essential for the development of 
many new industries. For such industrial purposes it is left tax-free, but is made 
undrinkable by the addition of unpalatable substances (see Denatured Alcohol, 
p. 281). For such technical purposes Germany in 1904-05 used no less tha& 
32,000,000 gals, of industrial alcohol, and the United Kingdom in 1908-09, 
6,280,000 gals., while 440,000 gals, of alcohol (21,000 gals, being methyl alcohol) 
were used in a pure state in * the manufactures, or for scientific purposes 
(hospitals, etc.). 
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The use of alcohol as a motor fuel, t\e. t as the explosive agent in an internal combustion motor, 
is a modern development of engineering practice. It is cleaner than petroleum, and far less 
dangerous to use than gasolene, but alcohol motors are difficult to start, and as a power producer 
it is slightly inferior to gasolene, and slightly dearer. Should, however, as seems probable, the 
price of gasolene rise, there is little doubt that alcohol motors will come widely into use, and great 
improvements in design are, no doubt, possible, since an explosive mixture of alcohol vapour and 
air can be used under far higher compression without auto-ignition than a similar mixture of 
gasolene and air. The heating value of alcohol lies between 13,310 and 10,080 B.T.U. per pound. 
The following table is instructive :— 


Motor Fuels. 


Fuel. 

Heating Value 
per Pound, 
B.T.U. 

Cost per 
Gallon. 

Specific 

Gravity. 

Cost of 10,000 
B.T.U. 

Gasolene 

19,000 

7 i«l- 

O.710 

o.66$d. 

Kerosene 

18,500 

6 Jd. 

O.SOO 

0.50 id. 

Alcohol (90 per cent.) - 

10,080 

7 id. 

O.815 

1.095a. 


Alcohol lamps have a fairly extended use on the Continent, the colourless hot flame of the 
burning alcohol being used in the same way as our ordinary bunsen gas burners to heat an 
incandescent mantle. A very powerful light is thus obtained. Such lamps, however, have to be 
started by burning a little alcohol in a pan, thus heating the alcohol until part gasifies. They are 
not, therefore, so convenient as oil or gas lamps. 

Undoubtedly the most extended use of industrial alcohol is for heating purposes, such as boiling 
water in small spirit lamps in the household. 

The amount of alcohol (pure) consumed per head of the population of the chief countries of the 
world is shown by the following statistics :— 


Alcohol Consumed per Hfad of Population. 






In Brandy, 
Spirits, etc. 

In Beer, etc. 

In Wine. 

Total. 

England - 




Litres 

2-4 

Litres. 

6-3 

Litres 

0-3 

9.0 

Germany - 




4.0 

4.8 

0.6 

9*4 

France - 




3-8 

1.0 

10.3 

15 -1 

Austria-Hungary 




3.8 

1.8 

2.2 

7.8 

United States - 




2.6 

3-3 

o -3 

6.2 

Denmark 




7.2 

3.9 

II.I 

Sweden - 




4.0 

i -5 

• • ♦ 

5-5 

Russia 




2.4 

0.2 

... 

2.6 


The production of industrial alcohol, containing 80-97 P er cent, of alcohol, first 
became a great industry when the stills were improved so that it became possible 
to obtain alcohol of this strength at a single operation directly from the alcohol- 
weak fermented mash. At the present time, especially on the Continent, the 
centre of gravity of the spirit industry lies in distilleries producing “silent spirit” 
of over 80-90 per cent, alcohol, and not in those directly producing whiskies 
brandies, etc., containing 20-60 per cent, of alcohol. The latter are now produced 
as a rule from “ silent spirit ” by suitable dilutions with water, etc. 

The ordinary brandy, whisky, etc., contain from 20-60 per cent, of alcohol 
In so concentrated a form the alcohol acts as a poison to the nervous system in a 
manner similar to opium or tobacco, producing at first a stimulating effect, which 
afterwards generates a craving for the drug, and causes the distressing effects of 
alcoholism, which are matters of common knowledge. 

Alcohol of more than 60 per cent, also produces poisoning by its dehydrating 
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effect. Small amounts of alcohol, such as exist in beer and wine, if taken in 
moderation, cannot be regarded as injurious to health. 


The following statistics relating to alcohol are of interest as showing the progress of the industry 
in the chief civilised countries:— 

England produced in 1906-07, 1,413,000 hi.,* 100 per cent, alcohol (1 hi. =220 gals.), 
principally grain alcohol. 

The United States (190S-09), 2,647,000 hi., also principally from grain. 

Austria-Hungary (1908-09), 2,647,000 hi. (from maize and sugar beet molasses). 

Russia (1906), 4,182,000 hi. (half from potatoes, half from grain). 

France (1908-09), 2,538,000 hi., principally from sugar beet, as shown in the tallowing table 


1,259,000 hi. (100 per cent.) from sugar beet. 

448,000 ,, ,, ,, molasses. 

363,000 ,, ,, ,, potatoes and other starchy material. 

„ „ wine. 


212,000 

2S6.000 


It will be seen that by far the greatest amount of spirits is in this case produced from the sugar 
beet, both from its sugar-rich juice and from molasses, the uncrystallisable residues of beet sugar 
factories. Potatoes play but little part in the industry. 3,000 industrial distilleries exist in F;ranee, 
and a very great number of small “farmer distilleries” (300,000). 


Germany in 1908-09 produced 4,255,100 hi. (100 per cent.) of alcohol, as shown in following 
table:— 


3,419,200 hi. from 
408,900 „ 


291,700 

86,800 

48,500 


tt 

*t 


potatoes (from 6,400 “farmer” distilleries), 
grain (from 730 industrial distilleries and compressed jeast 
manufacturers). 

grain in 6,600 “farmer” distilleries, 
molasses (27 molasses distilleries). 

fruit (apples, etc.), wine, yeast, etc., in 60,000 very small 
distilleries. 


Total 4,255,100 in 74,000 distilleries. 


As raw products, nearly 3,000,000 tons of potatoes, 293,000 tons of grain (rye, barley, maize), 
and 32,000 tons of molasses are used. Contrary to France, in Germany little spirit is produced 
from sugar beet or molasses. This was a consequence of the taxing of the mash capacity of the 
vats, which made the economic working of their mashes impossible. Since the vat tax (in 1909) has 
now been abolished, we may expect shortly to see in Germany a great increase in the amount of 
alcohol produced from sugar beet and molasses. 

Of the total amount of German alcohol produced, 2,651,000 hi. (4.2 1. per head) is consumed 
as a beverage, and 1,480,000 (2.3 1. per head) for industrial purposes. 175,600 hi. (100 per cent.) 
were consumed in the manufacture of vinegar, but the bulk of the industrial alcohol is used for 
burning purposes, spirit lamps, etc. 


Taxation of Alcohol 

Distilled spirits when used as a beverage are subjected to very high taxation in all civilised 
countries, the taxation so greatly exceeding the cost of production that the whole industry is more 
or less completely dependent upon the particular excise laws of each country. In England (1909) 
a spirit duty of us. per gallon of proof spirit is levied; the cost of production being only about 
is. 6d. per gallon. The revenue derived from this source in 1908-09 amounted to ^17,456,366. 

The number of distilleries at work throughout the United Kingdom in 1909 was 166 (England 
8, Scotland 132, Ireland 26). The number of proof gallons retained for consumption in the United 
Kingdom was (1908-09) 32,000,000. In Germany the excise was until 1909 levied on the 
capacity of the fermenting vats, and consequently the German distillers work with as concentrated 
mashes as possible, up to 22**25° Brix. In 1909 this mode of taxing the capacity of the vats ceased, 
and so the character of the German distilleries may be expected to alter considerably in the near 
future. A duty of 105-125 m. per hectolitre is now levied (1910), the exact amount of duty varying 
with the maximum amount of alcohol given by each distiller every ten years—the larger the 
production the larger the tax. An additional tax of 4-14 m. protects the small “farmer distilleries” 
against the large industrial concerns—the larger the distillery the greater the tax. In 1910-11 in 


# 1 hectolitre = 100 litres = 22.01 gallons. 
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Germany the amount of spirits retained for consumption amounted to 1,780,000 hi. (2.7 1 . per head). 
The duty levied on imported spirits is 275-300 m. per 1 dr.* The total revenue raised in Germany 
by the spirit duty amounted in 1908-09 to 162,700,000 m. The cost of manufacture of 1 hi. of 
alcohoj (100 per cent.) is 25-30 m. The selling price of the taxed fine alcohol is 150-175 m. 
per hectolitre. In the United States the number of distilleries operated is about 1,800. The 
capital invested in distilleries and the production of potable spirits amounted to $50,101,000 in 
1904, and to $72,450,000 in 1909 (increase, 45 per cent.). The value of the products increased from 
$131,270,000 (1904) to $204,699,000 (1909). The import of distilled spirits amounted in 1910 
to 17 ,228,000, on which a duty of $9,116,000 was raised (126.12 per cent.). 


Denatured Alcohol 

Alcohol for industrial purposes + is now duty free in most countries including England. The tax 
on such alcohol for many years most injuriously affected the industry in fine chemicals in England. 
To such alcohol, however, substances must be added so as to make it undrinkable. The substances 
added must be of such a nature as to render their removal very difficult by simple operations. In 
England completely denatured alcohol (mineralised methylated spirit) is made by adding 1 part 
of wood naphtha to 9 parts of grain alcohol (50 per cent, above proof), and to the mixture 
0.385 per cent of mineral naphtha (petroleum ol sp. gr. not less than 0.800). In the U.S. the 
denaturing mixture is £ vol. benzine-f 10 vols. methyl alcohol to 100 vols. ethyl alcohol. Com¬ 
pletely denatured alcohol is allowed to be sold only by licensed retailers for general use (but not foi 
making beverages or medicines). 

Incompletely denatured alcohol (industrial methylated spirits) consists of not less than 
5 per cent, of approved wood naphtha or other substance or combination of substances approved of 
by the Commissioners of Customs and Excise. 

The wood naphtha used must be so impure as to render undrinkable alcohol to which it has 
been added. It must contain not less than 72 per cent, by vol. of methyl alcohol, and not more than 
12 g. per 100 c.c. of aldehyde, acetone and ketones (estimated by Messinger’s iodoform process 
as acetone) nor ?nore than 3 g. of esters (estimated as methyl acetate by hydrolysis). At least 5 c.c. 
of N/10 acid must be necessary to neutralise 25 c.c. of the naphtha ; not more than 30 c.c. of the 
naphtha should decolorise 0.5 g. of bromine in aqueous solution. 

Industrial methylated spirits can only be purchased for manufacturing operations from 
a methylafror. Specially denatured alcohol, suitable for particular industries, is allowed in cases 
where the presence of the above-mentioned denaturants would be injurious. The United Kingdom 
produced in 1908-09 of industrial methylated spirit, 3,884,740 proof gals, and 2,395,306 gals, of 
mineralised methylated spirit. 

In Germany the usual denaturing agents for ordinary alcohol used for burning purposes is 
2 per cent, by volume of wood spirit + ^ per cent, by volume of pyridine bases; or a mixture of 
benzol and light petroleum. In alcohol used for the manufacture of acetic acid the addition of 
acetic acid is allowed as a denaturant. Alcohol used for the manufacture of ether and collodium 
is denatured with 10 per cent, ether or camphor. To alcohol for varnishes J per cent, turpentine 
is added. 


Benefits of Industrial Alcohol to Agriculture 

Alcohol can be produced in practically unlimited quantities from a great variety 
of farm produce, so that every kind of soil and climate can be utilised. It can 
even be made from spoiled crops, corn stalks, refuse, etc. The alcohol so produced 
furnishes a cheap and excellent motive power of engines, and no doubt, after the 
exhaustion of the coal and oil supplies of the world, will be the ultimate fuel of 
mankind. For sunshine only is required for the production of the starchy materials 
from which alcohol is produced, and there is no exhaustion of the soil in the 
process. Only carbon, hydrogen, and oxygen are withdrawn from the air under the 
influence of sunlight, and, after the combustion of alcohol, they come back again 
as carbon dioxide and water. The nitrates, phosphates, lime, etc., absorbed from 
the soil by the growing vegetation, all remain in the immediate neighbourhood in 
the liquid wash from which the alcohol has been distilled off, and being used as 
fodder, are returned to the ground as manure. 

In England and U. S. A. the bulk of the spirits produced is manufactured from grain. This was also 
the case in Germany one hundred years ago, but now, in that country, the bulk of the spirits is produced 


I dz. = 100 kilograms=tV ton. 


t See Joum . Soc. Cheni. Ind, 1915, 34, 53. 
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from potatoes, which give a heavier and cheaper yield of starch per acre than any other vegetable 
and enable a very pare spirit to be easily obtained. In Germany, too, the manufacture of spirits is 
of very great benefit to agriculture, for it is carried on by the mutual co-operation of farmers, who 
sow their own potatoes and then cart them to a joint-owned distillery, where they are converted into 
alcohol in the winter months (up to May), while the spent wash and residues, rich in nitrogenous 
matters, is utilised as a cattle-food on the farms. 

Consequently hand in hand with the production of alcohol there goes on an extensive breeding 
of cattle, which again produce the manure necessary for the continuous cultivation of crops. In 
1906 no less than 71,000 of these so-called “ farmer distilleries'* were in operation. Besides these, 
however, were about 1,000 industrial distilleries, usually situated in or near a town, many of such 
distilleries specialising in the manufacture of yeast as described under that heading. 

Four kinds of distilleries may be recognised :— 

1. Those producing alcoholic beverages containing 25-60 per oent. of alcohol. In this class 
come the whisky and brandy manufacturers. 

2. Those producing absolute alcohol up to 80-95 per cent., such alcohol being in too concen¬ 
trated a form for drinking purposes. Under this heading may be classed the German potato 
distilleries, the great maize and molasses distilleries, and generally, manufacturers of industrial 
alcohol. 

3. Alcohol rectifiers, where the crude 80-95 cent, alcohol is redistilled and purified. 

4. Compressed yeast manufacturers. In these distilleries tire main object aimed at is the 
production of yeast, the spirits being produced as tf by-product 
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RAW MATERIALS USED IN THE 
PRODUCTION OF SPIRITS 

Although alcohol can be obtained from the ethylene, C 2 H 4 , contained in coal 
gas, or directly from acetylene, C 2 H 2 , from calcium carbide, by means of con¬ 
centrated sulphuric acid, yet in practice it is almost invariably obtained from sugar 
or starch, although attempts, attended with a certain amount of success, have been 
made to produce alcohol from wood cellulose. (See Alcohol from Wood, p. 294.) 

The raw materials for the production of spirits may be divided into three great 
classes, as follows:— 

x. Alcohol-containing Materials. —In France, Spain, Italy, and in fact 
all lands where wine is produced on a considerable scale, spirits are produced by 
distilling wines or wine lees. Such spirits are known as brandies, and are much 
valued on account ot their pleasant aroma, due to wine fusel oils. Genuine 
brandy is obtained by distilling wine in small pot stills. The best brandies, called 
Cognacs (Charente and Charente Interieure) from the districts in which they are 
made, are of a peculiarly fine and delicate character, and fetch 1,000 francs per 
hectolitre. They are made from light white wines possessing no marked bouquet. 
They are used for adding to champagne. The fuller and more aromatic wines of 
Burgundy and the Gironde do not yield such good brandies. A large amount 
of brandy is also made by adding water to wine lees (/.*., the pulp of skins, pips, 
wine yeast, etc., remaining in the wine-press) and distilling. Artificial cognac oils 
(see p. 251) are largely manufactured for adding to cognacs. Brandies improve 
with age. 

2. Sugar-containing Materials. —It is also possible to produce alcohol 
from sacchariferous substances, such as sugar beets, figs, amber cane, and especially 
the residual molasses from sugar manufacture. As these substances already con¬ 
tain sugar they do not need the mashing process necessary with starchy raw 
materials, and may therefore be ground up and directly fermented with yeast, 
France produces more than one-third of her spirits from the fermented juice of the 
sugar beet. In Portugal the carob bean (St John’s Bread) is fermented and 
distilled, and in Brazil strawberries. In Jamaica and Cuba molasses and sugar-rich 
residues, such as cane-megasse, from the manufacture of cane sugar are allowed to 
spontaneously ferment, and then are distilled for Rum. Fictitious rums, however, 
are now made from alcohol flavoured with essential oils (“ rum essence ”). Rums 
contain 50-60 per cent, of alcohol, and sugar is often added. Arrak is produced 
in Java in a similar manner from the cane sugar and the sugar-rich juice of the 
sugar palm, which is allowed to ferment, either spontaneously or with the addition 
of certain rice yeasts. 

Cherry brandy and plum spirits are produced by distilling fermented cherries 
or plums and contain oil of bitter almonds and a trace of hydrocyanic acid. 

Gin is obtained by distilling plain spirit in the presence of flavouring agents, 
such as juniper, angelica, cinnamon, sweet fennel, coriander, etc. Flavouring 
agents are often added after distillation. Sweetened gin contains 3-6 per cent, 
of sugar. 

In short, all sweet fruit juices of kernel and other fruits (apples, pears, melons, 
figs, raspberries, strawberries, rowan berries, etc.), when mixed with sugar, and 
fermented and distilled, yield brandies of various aromas. 

» 

3. Starch-containing Materials.— Corn and potatoes form by far the most 
important alcohol-producing materials. In England most of the spirits are made 
from wheat, barley, and rice. Scotch whisky is made from malted barley. In 
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Germany nearly 80 per cent, of the total amount of spirits manufactured is made 
from potatoes, the remainder being made from wheat, rye, and maize, with 
the simultaneous production of compressed yeast. In France beet molasses and 
wine form the principal source of spirits, potatoes and corn contributing little to 
the total amount manufactured. Hungary and the United States make a large 
amount of spirits from maize, and Russia from rye. The use of potatoes, however, 
is extending in these lands, especially in Hungary and Russia—nearly half the 
spirits produced by the latter country now being manufactured from potatoes. 

In hot countries a potato (sweet potato, Carolina potato), which also 
contains, besides starch, a considerable amount of sugar, is an important raw 
material for the manufacture of spirits. It is cultivated in Brazil, the West Indies, 
the Azores, Algiers, etc. etc. 

Potatoes contain 16-24 P er cent, starch, 1.95 per cent, nitrogenous substance, and 75 per cent 
water. Recently potatoes have been put on the market in a dried powdered form. 100 parts of 
dry potatoes contain: Starchy matter, 70-78 per cent.; protein, 6 per cent.; water, 9-18 per 
cent. Maize contains on the average: Starch, 68 per cent. ; moisture, 13 per cent. ; protein, 
JO per cent. Wheat contains 50-70 per cent, starch, and 7-21 per cent, protein. Oats contain 
58 per cent, starch, 10 per cent, protein. Rye contains 68 per cent, starch, 11 per cent, protein. 
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In a grain or potato distillery three and sometimes four main operations take 
place, namely:— 

1. Mashing, />., the conversion of starch into sugar by means of specially 
prepared malt. 

2. Fermenting and yeast production. 

3. Distillation of the alcohol ; and, sometimes, 

4. Refining the alcohol by redistillation. 

In brandy and molasses distilleries the mashing process and malt preparation is 
unnecessary. Only the fermenting (2) and distillation (3) takes place. 

The main operations of the brewer and distiller are identical in that both 
convert starch into sugar by means of diastase, and sugar into alcohol by means 
of yeast. But otherwise the method of operation in the two cases differs consider¬ 
ably. Thus the brewer seeks to produce beer which contains only a small amount 
of alcohol and has other constituents, such as the dextrines, flavouring principles, etc., 
of equal importance. He does not, therefore, completely convert his starch into 
maltose, otherwise a very thin beer, lacking body and palate, would result. But 
the distiller’s object is to produce alcohol as such, and with this aim in view he 
carries his fermentation as far as possible, converting as much as possible of his 
starch into sugars, avoiding the formation of dextrines and fermenting these into 
alcohol. 

The colour of the grain and the nature of the husk—which are of vital importance 
for the production of a palatable beer—matter little to the distiller, provided only 
that the grain is sound, contains a high percentage of starch and nitrogenous matter 
—the latter being necessary because much nitrogen-rich diastase must be produced. 

Barley intended for distillers’ malt is cleaned, graded, and steeped for a period 
ranging from two to four days, a somewhat longer period than is usual for brewing 
barley. The steeping water is usually liberally treated with antiseptics (bisulphite, 
lime, etc.) to prevent the development of bacteria which may subsequently injure 
the fermentation. The brewer has no necessity to use antiseptics at this stage, as 
any such bacteria, if developed, are later destroyed when the wort is boiled and 
hopped. The distiller, however, cannot boil or hop his wort and so must take 
every precaution at these early stages to avoid bacterial infection. The danger is 
especially great when maize is used for malting. 

Malting Operations. —In Scots pot-still whisky distilleries, where nothing 
is used except barley malt, the process of malting is carried out as in brewing (which 
see), the flooring period, however, being slightly longer. In grain and potato 
distilleries, however, barley malt is used not so much as a source of alcohol as a 
source of the diastase to convert the starch of the grain or potatoes used in bulk 
for starch. Consequently in such distilleries the malt is grown in such a way as to 
contain a maximum of diastase. This, as the researches of Hayduck have shown, 
is attained by allowing the malt to germinate on the floor for a twenty-day period 
(in contradistinction to the brewing period of seven to ten days—“short malt”), 
since the mass of the diastase increases greatly with the progress of the growth of 
the malt. Such malt is known as “ Long Malt,” the seven to ten day malt used 
in brewing being known as “Short Malt.” It is obvious that the longer the malt 
grows the greater will be the loss of starch (which is converted into C 0 2 and sugars 
by the growing plant). In “Short Malt” the loss of starch amounts to about 
6J per cent, of the starch originally present, but in “ Long Malt” the loss rises to 
17 per cent. In other words, we obtain 100 parts of short malt for every 90 parts 
of long malt. Nevertheless, the 90 parts of the long malt contain as much 
diastase as 117-144 parts of short malt, so that in spite of the greater starch loss, 
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the preparation of long malt is of great advantage, enabling the distillers to .effect 
a great saving in malt, sometimes as high as 50 per cent. Hayduck has shown that 
the relative diastatic strengths of short (seven to ten days) and long (twenty 
days) malt are:— 

For heavy barleys 1 : 1.285. 

For light barleys 1 : 1.605. (Hence the advantage of using small grain for 
distillers.) 

Consequently the long malt process is employed in all modern distilleries. 
To produce it the grain is subjected to a lengthy steep until it absorbs 40-45 per 
cent, of water. It is then subjected to a very prolonged flooring of about twenty 
days at a moderate temperature (which should never exceed 63.5° F.). The 
development of mould fungi and bacteria is prevented by soaking the malt grain 
in dilute milk of lime (1 part of lime : 100 parts barley). 

In contradistinction to the brewer, the distiller prefers green malt rather than 
kilned malt, because green malt possesses about twice the diastatic strength of 
kilned malt; the distiller regards his malt merely as an agent for saccharifying his 
starch and consequently will use as little kilned malt as possible. To the brewer, 
however, too much diastase is a positive disadvantage, as he does not want to 
completely convert all his starch to sugar, and the process of kilning is necessary 
to restrict the diastatic power of the malt and impart flavour to the beer. It 
should be noted, however, that the malt whisky distiller relies to a great extent 
on the kilning process for the development of the peculiar flavour of Scotch or Irish 
whisky, and consequently can only make a limited use of green malt. Also com¬ 
pressed yeast distilleries find that a certain proportion of kilned malt is necessary. 
Indeed, in hot weather it is often difficult to obtain a good supply of green malt 
as it will not bear carriage for any distance. Hence when the distiller finds himself 
unable to use green malt, he resorts to a malt which has been kilned at the lowest 
possible temperature. 


Other Kinds of Malt 

The diastatic power of malt made from various kinds of corn is given in the following table s— 


Barley malt • 



. 


. 


1.00 

Oat malt 



- 


- 


0.30 

Maize malt - 



- 


. 


0.28 

Rye malt 

Wheat malt • 



* 




0.93 

1.08 


Wheat malt is too costly for general use. 

In spite of the low starch-transforming power of oat malt, it is used on a considerable scale, 
usually mixed with barley malt, because the zymase content of the yeast is considerably increased 
by the addition of the oat malt, and it acts very rapidly in the mash-tun. Maize malt is used for 
spirit manufacture in countries where barley is expensive. Rye is malted with barley or oats. 

Diastase from Fungi—The Amylo Process.—In large corn distilleries in France, Belgium, 
and Hungary utilisation is made on a large scale of the diastase-secreting fungus, Amylomyces Rouxii , 
instead of malt. A sterilised corn (usually maize) mash contained in a closed vessel is inoculated with 
a very small quantity—one-tenth of a gram is sufficient—and filtered air is blown through the fluid for 
twenty hours. The mould develops very rapidly and converts the starch. Then pure yeast 
culture is added, and fermentation proceeds on ordinary lines. Although the mould is itself 
capable of fermenting the sugar itself, the yeast acts more rapidly and gives a greater percentage 
of alcohol. Hence both act together, the mould transforming the starch into sugar and the yeast 
and sugar into alcohol. One gram of culture transforms 25 tons of com, and saves 3 tons of malt 
and 1 ton of starch used in the malting. Moreover, the mash is sterilised and worked in closed 
vessels, so that undesirable bacteria, etc , cannot develop—which is a grdat advantage. Technical 
difficulties have prevented the application of the mould to working potato starch. Another mould 
fungus, Eurotium oryza 9 from Japan, saccharises starch exactly like malt. It contains diastase, 
which can be extracted with water and added to the mash to be converted (see pp. 226, 249). 


Theory of Mashing: for Spirits 

The brewer does not seek to completely transform all his starch into sugar. 
He must have in his wort a certain proportion of dextrine and similar non-ferment* 
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able carbohydrates, otherwise his beer will be thin and poor. Moreover his 
wort, before fermenting with yeast, is hopped and then sterilised by boiling. 
Quite otherwise is it with the distiller. He desires to convert his starch entirely 
into fermentable sugars (to obtain a maximum yield of alcohol), and he cannot 
sterilise the wort so obtained by boiling before adding the yeast for the 
following reasons. In the first place mashing should be carried out at low 
temperatures in order to allow the diastase to act more powerfully than in the case 
of brewers* wash, and in the second place the diastase is allowed to act during the 
period of alcoholic fermentation. If the wort were boiled before adding the yeast 
the diastase would be destroyed (as it is in brewing), and so the diastase could not 
act during the period of alcoholic fermentation, and a large proportion (as in 
brewing) of the starchy carbohydrates would remain in an unfermentable condition. 
It must oe understood that low-temperature mashing will not alone completely 
transform starch into fermentable sugars, being converted into dextrines which are 
not further converted by diastase alone, but require the combined action of yeast 
and diastase to break them down completely into fermentable sugars. Hence it 
is that the distiller cannot boil his wort, and so sterilise it (as in brewing), because 
he would completely destroy his diasta se. This puts the distiller in a very dis¬ 
advantageous position as compared to the brewer, as unsterilised wort forms an 
excellent medium for the growth of undesirable bacteria. He mtist therefore 
forego the full advantage of low-temperature mashing and heat the mash to a 
temperature which is unfavourable to the development of bacteria. He first heats 
the mash very rapidly to 130* F., when maximum saccharifying action takes place, 
and keeps it at this temperature for a little time. Then he heats rapidly to 
144 0 F., when the maximum liquefaction of the starch takes place, and finally he 
heats to 150°-!54° F., when most of the undesirable bacteria, etc., are destroyed, 
while the diastase is not seriously injured in the presence of the large amount of 
sugar which has been formed, since Delbriich and Patzold have shown that diastase 
in solutions rich in sugar can withstand a temperature as high as 154* F. without 
being very much weakened, while in a very weak sugar solution it is seriously 
injured at 146°. 

Preparation of the Mash. —In the manufacture of whisky and other grain 
spirits, as carried on in the United Kingdom, the mashing apparatus is very 
similar to that used for brewing. The starchy matter, however, is more thoroughly 
extracted than is desirable in brewing by making several (Scotland, three; Ireland, 
two) successive mashings with the ground malt, the liquor from the last mash 
being used for mashing the next lot of malt. 

In potato and maize distilleries, however, the mashes are made on a different 
principle; their starch must be gelatinised by steaming, and malt is only used as a 
source of diastase for converting the starch into sugar, and not as a source of starch. 
100 parts of potatoes require 4-5 parts of green malt, while 100 parts of maize 
require 9-10 parts of green malt. Usually a small malting is run in connection 
with the distillery in order to produce the green malt fresh as required, since it will 
not keep. 

The potatoes are washed and placed in a conical shaped boiler, known as a 
Henze steamer or u High Pressure Converter.** This contains at its upper end a 
manhole for charging with potatoes, and steam pipes, carrying high-pressure steam, 
are supplied at the top, sides, and bottom. The apparatus is also supplied with an 
air-cock at the top, water-cock at the bottom, and a blow-out valve at the bottom, 
whereby the potato wash is blown into the fermentation vats. The apparatus is 
charged with potatoes and nearly filled with water. Steam is then allowed to enter 
through the upper inlet pipe, the air-cock and lower water-cock being left open 
until all the air is displaced and much of the condensed water has run off The air- 
cocks and water-cocks are now closed and steaming continued until the internal 
pressure has risen to 2 atmospheres, the water-cock being opened from time to 
time to allow the condensed and amniotic water to run off—the last drawn amniotic 
water contains starch and is run into a preparatory wash vat. The upper steam 
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valve is now dosed and steam driven in through the lower inlet pipe until the 
pressure reaches 3-4 atmospheres; the apparatus is kept at this pressure for ten 
to fifteen minutes, then the lower steam inlet pipe is closed; while the upper inlet 
and blow-out valves are opened and the apparatus blown out. The sudden release 
of the pressure causes the superheated water and steam in the potatoes to 
explosively expand, and reduces them to a mash in which the starch is (all but 
2 per cent.) completely gelatinised and dissolved. The blowing out lasts forty-five 



Fro. 122.—High-Pressure Converter or Steam Cookers (Henze Steamer) with 
Mashing Vats for Potatoes, etc. Llewellins & James, Bristol.) 


to fifty minutes, the potato mash being forcibly driven through the conical end of 
the boiler into the mashing vat. 

When the maize is to be treated, the whole corns are fed into the converter or 
Henze boiler with the addition of some water and steamed three hours at 3-3J 
atmospheres. The mass must be continually stirred, and this is achieved either. 
by a stirring apparatus or by blowing in steam tangentially through a number of 
holes in the body of the apparatus. Just before blowing out the pressure is 
increased to 4 atmospheres and the contents blown forcibly out at the bottom of 
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the boiler through the blow-out pipe, which is piovided with a grating and a 
comminuting valve consisting of a cone shaped tube with shaip sertw edges and 
corners. The mass is blown forcibly against the shaip coiners and the corns 
are smashed up, while the superheated steam and water in the corn giains, 
suddenly expanding under the reduced pressure, blow the grains into a pulp and 
gelatinise their contained staich. This treatment completely disintegrates maize. 
Since at these high temperatures and pressures carbohydrates begin to decompose 
and turn brown, Mandl steams ground mai/e in an open Henze steamer, and 
then blows out with compressed air at 4-5 atmosphetes. 'I he mash is quite white. 

The mashing and cooling vat (Fig. 124) consists of a stout iron vessel provided with 
a powerful screw at the bottom and a cooling system ot copper pipes, through which 
cold water is driven. The 
hot mash pouring into the 
vessel is hurled by the screw 
against the sides and cooling 
pipes and is rapidly cooled 
to the proper temperature. 

The apparatus is furnished 
with a funnel provided with 
an exhauster in the form of 
a steam jet situated in the 
funnel. This causes a rapid 
evaporation and consequent 
cooling of the hot mash, and 
also accelerates the rate at 
which the hot mass pours out 
of the steamer into the vat. 

1 he condensed vvatei from 
the jet runs off through a 
Pipe. 

The method of mashing 
is as follows :— 

The calculated amount of 
finely ground malt for the 
saccharisation of the mash is 
placed in the mash vat with 
a little water, and while the 
mass is thoroughly agitated 
the hot mash from the Henze 
steamer is slowly blown into 
the vat. The blowing out is 
regulated by the exhauster 
and the amount of cooling 

water, so that the temperature Fl<; . I23 ._iiig h .p ressul0 convener for Raw Grain, 

of the mash in this opera¬ 
tion is maintained at 130° F. 

About five-sixths of the contents of the Henze steamer aie withdrawn at this tem¬ 
perature, when the diastase acts most powerfully and the greatest amount of sugar 
is formed. The mash is allowed to stand twenty to thirty minutes at this maximum 
saccharifying temperature, then the temperature is raised to 144 0 F. rapidly by 
running more of the hot mash with rapid stirring and cooling, and the temperature 
kept at this height for some little time. Here the maximum liquefaction of the starch 
takes place, while injurious germs^re seriously weakened. Finally the rest of the mash 
is blown in rapidly and the temperature rapidly raised to i5o°-i54° F., when all un¬ 
desirable germs are killed. The process of saccharisation is complete in less than one 
hour. The mashing is now completed so far as its first stage is concerned, and after 
cooling to the proper pitching temperature, will be ready for the addition of the yeast. 
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Fig. 124.—Centrifugal Mashing and Cooling Apparatus for Distilleries. 
(Gebriider Sachsenbcrg, Rosslau in Anhall, Germany.) 


Testing the Sweet Mash .—Sugar solutions possess higher specific gra\ities than water. The 
greater the proportion of sugar present the greater the specific gravity, as the following table shows :— 

Balling’s Table of the Specific Gravities of Sugar Solutions at 

17 . 5 “ C. (63.5" F.) 


Sugar in 
loo Parts by 
Weight of 
Solution. 

Specific 

Gravity. 

Sugar in 
loo Parts by 
Weight of 
Solution. 

Specific 

Gravity. 

Sugar in 
100 Parts by 
Weight of 
| Solution. 

Specific 

Gravity. 

Sugar in 
100 Parts by 
Weight of 
Solution. 

Specific 

Gravity. 

O 


20 

I.0832 

40 

1-1794 

60 

I.2900 

I 

I.OO40 

21 

1.0877 

41 

I.1846 

6l 

1-2959 

2 

I.0080 

22 

I.0922 

42 

1.1898 

62 

I.3019 

3 

1.0120 

23 

1.0967 

43 

I.I 95 I 

p 

1-3079 

4 

I.OI60 

24 

1.1013 

44 

I.2004 

64 

1*3139 

5 

1.0200 

25 

I. IO59 

45 

1.2057 

65 

I- 3 I 99 

6 

1.0240 

26 

1.1106 

46 

I. 2 III 

66 

1.3260 

7 

1.0281 

27 

I-H53 

47 

I.2156 

67 

I. 332 I 

8 

1.0322 

28 

.1.1200 

48 

I.22I9 

68 

i- 33«3 

9 

I.O363 

29 

1.1247 

49 

1.2274 

69 

i -3445 

10 

I.O404 

30 

1-1295 

50 

I.2329 

70 

1-3507 

11 

I.O446 

31 

i -1343 

5 i 

I-2385 

7 i 

1-3570 

12 

I.O488 

32 

I-I 39 I 

52 

I.244I 

72 

I -3633 

13 

I.O53O 

33 

1.1440 

53 

1.2497 

73 

1.3696 

14 

1.0572 

1.0014 

34 

1.1490 

54 

1-2553 

74 

1.3760 

IS 

35 

1.1540 

55 

1.2610 | 

75-35 

1.3824 
1.3847 = 

saturated 

16 

17 

I.0657 

1.0700 

36 

37 

1.1590 

1.1641 

56 

57 

1.2667 

1.2725 


18 

!:S?8 

38 

1.1692 

58 

1-2783 


; sugar solution 

19 

39 

I-1743 

59 

1.2841 


at 17 - 5 ° C* 

<63-5* F-)_ 
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Consequently, the determining of the specific gravity of the wort (by means of a hydrometer, 
called in this case a saccharometer) gives at once the approximate amount of sugar in the solution. 
Usually the percentage of sugar is directly marked off on the neck of the instrument, the values so 
obtained being known as “ degrees Balling’ ”—from the name of one of the introducers of the 
method into the distillery. In England and America Bates’ saccharometer is largely used. The 
results are usually marked correct for a certain temperature (usually 17.5 0 C., or 63.5* F.), and the 
results for other temperatures are obtained by special tables. 

Other tests applied to the sweet mash are :— 

1. Iodine solution should produce no coloration. Any trace of starch present which has been 
unacted upon by the diastase would give a deep blue colour, and shows that the diastase is not 
working efficiently. 

2. The presence of active diastase in the mash liquid, after the starch has been converted, is 
necessary for the after-fermentation. This is tested for by gelatinising 5 g. of starch with 200 c.c. 
water, cooling to 144 0 F. (62.3° C.), and adding 5 c.c. of mash liquid. The starch should be 
liquified almost instantaneously, and after thirty minutes iodine solution should not give a 
coloration with the liquid. 

3. The acidity of mash is determined by titration with NaOH, so that the increase of acidity 
during fermentation may be known. 

4. The amount of carbohydrates capable of fermentation is ascertained by inverting part of the 
filtered and diluted mash with 1 IC 1 , neutralising, and estimating the sugars with Fehling’s solution 
in the ordinary way. 

Process of Fermentation. —Distillery yeasts* work best at a temperature 
considerably above that most favourable to brewing types. If the distiller works 
at brewing temperatures brewing yeasts will predominate and these produce con¬ 
siderably less alcohol than proper distillery yeasts. 75°-8 i° F. are temperatures 
favourable for distillery yeasts, 6o° F. for beer yeasts, and 40° F. for wild yeasts. 

Distillery conditions of fermentation are very favourable to the development of 
bacteria (since distillers work with unfcterilised wort and at high temperatures) 
which lower both the yield and the quality of the alcohol. The most dangerous 
of these are the butyric, mannitic, and mucic bacteria. These are suppressed by 
fermenting in a “soured” or acid wort and working at a high temperature. The 
acid usually used is lactic acid, but hydrofluoric acid is coming into use. A slightly 
acid wort favours the development of distillery yeasts, but checks brewery yeasts 
and bacteria. The souring is not carried out with the main wort, but a small mash 
(English “bub,” German Jfefegut) specially mashed at T48 °-i 58° F. from kilned 
malt, to which is added unmalted wheat, maize, or rye. The potato mash itself has 
not enough yeast food for the vigorous propagation of yeast. This mash is heated 
to 122 0 F. (50° C.), and inoculated with a pure culture of lactic acid bacteria 
(sometimes the proper quantity of artificial lactic acid is added instead). At 
122 0 F. they rapidly develop since no other bacteria appear capable of withstanding 
so well this high temperature in acid solution. When about 1 per cent, of lactic 
acid is present (determined by titration) the temperature is raised to 165° F. 
(73.9* C.) to kill the lactic acid bacteria and prevent souring proceeding in the 
main wort. The liquid is then cooled to 8o° F. (26.7° G), pitched with distillery 
yeast, cooled down very slowly with the attemperator to 6o° F. (15.6° C). The 
temperature then rises as fermentation proceeds, but must be kept under 85° F. 
Malt whisky distillers work at somewhat lower temperatures. Fermentation is 
forced as far as possible to convert all the sugar into alcohol. 

Under these conditions practically only distillery yeasts thrive. Thus it has been shown that 
when a mixture of brewery and distillery yeasts have been applied three to four times to the sour 
wort, only pure distillery yeasts survive, the brewery yeasts having been killed. 

Instead of lactic acid as the souring acid, a dilute solution of hydrofluoric acid has been used 
with great success, since the acid is poisonous to bacteria in an amount which does not affect 
distillery yeasts. Such yeasts can be acclimatised to stand 0.2 per cent, of the acid, a quantity 
which is quite fatal to any bacteria. Consequently, worts treated with hydrofluoric acid produce no 
side fermentation; while the acid, apparently, greatly stimulates the converting effect of the diastase, 
and thus permits low-mashing temperatures to be used. 

The two distillery yeast races most widely employed and giving excellent results 
are Species II. and XII., which have been produced by Lindner in the laboratories 
pf the Berlin Distillers* Association . At the beginning of the season the 
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soured wort is pitched with the pure yeast culture, but as soon as this ripens and 
develops part is withdrawn and used as mother yeast for developing a fresh supply. 
Since in the distillery the danger of infection at high temperatures is very great it is 
necessary to frequently renew the supply of yeast. 

Ten to fourteen hours after pitching the yeast has increased four to five fold, and 
the yeast is “ripe.” When this occurs it is run into the main or “sweet” wort and 
the fermentation begun as rapidly as possible, for if the yeast do not rapidly develop 
foreign bacteria will make their appearance. The initial temperatue is 68* F„ but 
the temperature rises as fermentation proceeds. The chief period of fermentation 
occurs after twenty-four hours, decreasing again after twelve to eighteen hours. 
In this period of “after-fermentation ” the diastase still present in the wort completes 
the conversion of any dextrine still present into maltose, which is then fermented 
by the yeast. 

The temperature is kept during the whole fermentation under 86° (F. 30° C.) 
by means of a cooling coil (attemperator), for at higher temperature much alcohol is 
lost by evaporation and deleterious by-products are produced. 

In Germany the worts arc produced with as high a specific gravity as 1.110 (“Thick Mash”) 
owing to the method of raising the duty, and a dilution of the mash with water towards the end of 
the fermentation acts very favourably by lowering the percentage of alcohol and C 0 2 , thus 
stimulating the yeast to a fresh degree of activity. In malt whisky distilleries the specific gravity 
of the wort is 1.050-1.060, but in grain distilleries the worts approximate the German gravity. 

According to Maercker, concentrated mashes ferment more purely than thin mashes, and yield 
12 or more per cent, of alcohol, which affords an excellent protection against injurious bacteria 
during fermentation. Moreover, they are more economical as regards time, cost, and work for 
producing a given amount of spirit than a thin mash. 

In Germany the employment of thick potato m&sh is universal, because the mashing capacity is 
subject to taxation, and consequently the mashes are made as concentrated as possible in order to 
obtain the greatest possible yield of alcohol from the mashing capacity. 

As a rule for thick mashes the fermenting vats have a capacity of 3,000-5,000 I. In 
the case of thin mashes and for molasses the fermenting vats have often a capacity of 40,000 1. 
Obviously the larger the vat the greater the amount of heat used for warming, etc., and for 
distilling the alcohol. It is usual to allow one-tenth of the fermenting vat clear for lising. Thick 
mashes in Germany contain 23-25 per cent, of sugar and dextrines. In corn distilleries the mashes 
contain 14-16 per cent, of sugar. In France and other countries where sugar beet and molasses are 
fermented the mashes often contain considerably less sugar than this. 

In Germany the total time for fermenting is fixed by the custom officials at seventy-two hours. 


The following scheme (after Ost) shows the chief operations in a German potato distillery:— 


Potatoes (100 kg.), 

20 per cent, starch, steamed in Henze 
apparatus, and blown out. 


Y 


Potato mash-f green malt (2 kg.), 
mashed and saccharified at i73°-i82° F. 


Barley (3 kg.). 

4 " 

Green malt (4.5 kg.). 

_ _ i _ 

4 

Green malt (2.5 kg.), kilned and 
mashed at 190* F. (yeast 
mash, bub). 

4 

Soured at 122 0 F. (50° C.), 


t. 


Added to main mash. 


Main wort + yeast. 


Fermented mash. 

4 " 

Distillation. 


C 0 2 = 9 kg. =4.6 cub. m. 


Cooled to 62°-68° F. (i7°-20 c C.) and 
pitched with mother yeast. 

jh_ 

Mother yeast, J to for the 
next batch of yeast 


Spirits, 

11.5-12 1. (10 per cent.). 


Spent wash, 

150 1., containing 9 kg. dry extract. 


Yield. —As a rule about a per cent, of starch remains in the skins, etc., of the 
potato or corn. Of the dissolved starch about 5 per cent, remains unfermented. 
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Further losses also occur during fei mentation owing to the production of by-products 
such as lactic acid, acetic acid, succinic acid, glycerol, fusel oils, yeast cells, etc. 
Also a perceptible loss of alcohol through evaporation occurs. Consequently, 
although according to the equation C c H I0 O 6 -f H 2 0 = 2C 2 H 6 OH + 2 C 0 42 , 100 parts 
of starch are capable of yielding 71.6 1. of alcohol, in practice only 58 60 1. are 
obtained. 100 kg. of starch yield 46 kg. of CCX, ( — 24 cub. m.). "1 his all escapes 

into the air as U is not economical to collect it. 

Alcohol from Beet and Cane Sugar Molasses 

Beet sugar molasses is somewhat difficult to ferment, firstly because it contains 
only a small amount of nitrogen and phosphorus for yeast foods, and secondly 
because of the presence of fatty acids and bacteria, which prevent the yeast from 
developing. 

The method usually adopted for working up these residues is as follows : The 
alkaline molasses is mixed with two to three times its weight of water, just acidified 
with H 2 SQ 4 or HC 1 , and boiled in open vessels to sterilise the fluid and volatilise 



Fk., 125.—Tciminting Room of a Molasses Rum and Spnit 
hactoi) in Jamaica. 

(Designed by George Stade, Berlin.) 


some of the objectionable fatty acids, etc. The fluid now contains 15-17 per cent 
of sugar, inverted by boiling with the acids and has sp. gr. 13 0 Be. Solutions 
containing more sugar ferment badly. The mass is now cooled to 77 0 F. (25 0 C.), 
one-third is withdrawn and mixed with the yeast, and fermentation allowed to go on 
for some hours, when it is again returned to the main amount of molasses. The 
fermentation takes place quietly in large vats holding 200,000 to 400,000 1. and 
provided with cooling apparatus. The fermentation is usually incomplete, and a 
considerable amount of evil-smelling fusel oils are produced, but are separated from 
the crude spirit during the final distillation. Amine bases, formic acid, and 
aldehyde are present in crude molasses spirit. 

Kraut Sc Wilkening confine their molasses in closed iion tanks of 400 hi. capacity, and cooled 
by a spray of water running over the exterior surface. This prevents the solatihsation of alcohol, 
and the COjj escaping from the vessels is pumped off, purified, and compressed into cylinders. The 
yeast used is bottom-fermentation beer yeasts, and Ine yield is 25,000 I. of alcohol (100 per cent.) 
and 1,800 kg. CO® per vat 

Geo. Stade of Berlin has effected several improvements in the manufacture of Jamaica rum from 
cane sugar molasses. A sketch of the fermenting room is shown. The rum ferment differs in 
structure from beer yeasts, having a maximum fermentati\e power at 30°-j5° C. (86°-95° F.), is very 
sensitive to cold, and develops under special conditions into a mycelium. 
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The residues left after the fermentation of the molasses and distillation off of the alcohol are 
extraordinarily rich in potash, and contain nitrogen. The residues are evaporated dry, and used 
as manure, or they are worked up for potash, ammonia, and cyanogen compounds (see p. 376). 

The calcined residues are known as calcinated vinasse (German schlempekohle) % and contain 
40 70 per cent, of potash salts. See under Sugar. 


Alcohol from Wood 

The production of alcohol directly from wood in an economical manner is one of the 
great industrial problems of the present time. 55-60 per cent, of wood is composed of cellulose, 
(C 6 II]qO n ) n — a very complex carbohydrate — which, when treated with concentrated II 2 S 0 4 , 
first dissolves to “amyloid,” and then, after diluting with water until the solution contains 1-2 
per cent, of acid, and heating to 120° C. under pressure, is readily transformed into dextrose, 
C 6 H J2 O e —a fermentable sugar. In other processes, such as Simonsen’s, the wood is directly 
heated with dilute H 2 S 0 4 under a great pressure, when it is transformed into dextrose. The 
solution is then neutralised and fermented. The disadvantage of these latter methods is, how¬ 
ever, that the dextrose formed is partially destroyed again at the high temperatures and pressures 
employed, and consequently the yield of alcohol from cellulose sinks to 15 per cent., or from wood 
alone (sawdust, containing 55*60 per cent, cellulose) only 5-6 per cent, alcohol. Starch under 
similar conditions gives a far more abundant yield, 100 kg. starch giving 60 1. of alcohol (48 per 
cent, yield). In the manufacture of sulphite cellulose for paper from wood, to every ton of cellulose 
treated, neaily 10 tons of sulphite wash results, containing over 1 per cent, of fermentable sugar. 
In Sweden efforts have recently been made to utilise this waste fluid by neutralising with CaCO a , 
fermenting with yeast, and distilling for spirit. 1,000 volumes of the wash yields 6 volumes of 
alcohol (100 per cent.), which contains a considerable amount of methyl alcohol, and may be used 
as methylated spirits. See W. P. Cohoe, “Hydrolysis of Sawdust,” Jaunt. Soc. Chem. Ind 
1912, 513. 

Willstatter and Zechmeister ( Ber ., 1913, 46, 2401-2412) completely convert cellulose into 
dextrose at ordinary temperatures by treating it with a strong solution of HC1 gas in water (40-41 
per cent. IIC 1 ) for 24-48 hours, a very notable advance. 

The distillation of the alcoholic liquors, in order to obtain pure alcohol, is treated 
at length in the following article by Mr W. H. Stephens. 
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DISTILLATION OF ALCOHOLIC MASHES AND 
MODERN DISTILLING PLANT 

LITERATURE RELATING TO DISTILLATION 

Details of plant and methods used in distillation are given in the numerous works on spirits and 
industrial alcohol mentioned in the section on Spirits and industrial alcohol, p. 278. The 
following works specially deal with distillation and may he lecommended 

Barhkt.—“ La Rectification.” Paris, 1895. 

Sore 1.—“ La Distillation.” Paris, 1898. 

,, “ La Rectification de rAlcool.’’ Paris, 1894. 

IIausbrand. — “Die Wirkungsweisc der Rectificier- und Destillir-Apparatc.” Beilin, 1S93. 

The most concentrated alcoholic mashes contain only 10-12 per cent, of alcohol, 
and to separate the alcohol in a concentrated form from the mash recourse must 
be had to distillation. Pure 
absolute alcohol boils at 78.3° 

C. (760 mm.), whereas water 
boils at ioo° C. 

Simple Distillation. — 

Certain classes of alcoholic 
beverages, e.g ., whisky, brandy, 
rum, etc., depend for their 
characteristic flavours on the 
retention of a considerable 
amount of volatile by-products 
of the wash. For this kind of 
product the simple stills are 
the best, since they do not 
effect the complete separation 
of the alcohol and the fusel 
oils, the presence of the latter 
being essential for giving a 
characteristic odour to the 
beverage. Such beverages 
contain 25-60 per cent, of 
alcohol. 

Fig. 126 shows a simple 
still for brandy —a is the body 
of the still, c the head, and s 
the condensing worm, which is 
immersed in a tank of water. 

The spirit runs out through x 
and is received in a suitable 
receptacle. 

The pot stills of Scotch and Fig. 126.— Simple Still for Brandy. 

Irish whisky manufactories are (Egrot, Paris.) 

of this type, although larger, 

and usually set in masonry over a naked fire. Sometimes the stills are heated 
by steam jackets or steam pipes. The neck of the still is long; the rectifying effect 
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thus obtained is sometimes enhanced by the introduction of rectifying devices 
between the still and the condenser. The first distillate is richest in alcohol. 
When one-third to one half of the wash has been distilled over the residue is 
“spent wash” free from alcohol. The distillate contains much water, and to raise 
the alcohol content it must be repeatedly distilled. 

The following numbers suffice to give an idea of the results obtained with a simple still of this 
kind: 1,000 volumes of mash containing io per cent, of alcohol were distilled until 400 volume* 
passed over, this 400 volumes was again distilled and so on. The alcohol percentages in the 
resulting distillates is shown below':— 


(1) 1,000 volumes when distilled yielded 400 volumes liquid containing 25 per cent, of alcohol. 


(2) 

400 ,. , 

, 200 

5 ° 

( 3 > 

200 

140 

71 

( 4 ) 

140 

. „ 125 

,, So 


Four separate distillations, therefore, W'erc required to give a product containing 80 per cent of 
alcohol ana by repeated distillation it is possible to obtain a spirit of 96-97 per cent, alcohol. 
Further it is impossible to go; the remaining 3-4 per cent, of water must he withdrawn by 
dehydrating chemicals, such as lime or potash. 

In making Scotch whisky two distillations arc resorted to, the wash being 
distilled to yield a “low wine,” which is again distilled. The final distillation is 
divided into three fractions : (1) foreshots, (2) finished whisky, (3) feints. The fore¬ 
shots and feints comprise the various secondary products together with alcohol and 
added to the low wines for re-distillation. The less volatile portions of these by¬ 
products finally pass away with the spent wash. 

Irish whisky is generally obtained by a process involving three distillations, in 
which a more complex classification of the products is effected, strong and weak 
low wines, and strong and weak feints are often separated. 

In both Scotch and Irish stills, soap is often added to the charge in the wash still to prevent 
frothing, and charcoal is added to the low wine still for puiifxing purposes. 



Fig. 127.—Coffey's Still* 
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Continuous Distillation. —The simple stills previously described do not 
remove the byproducts except after repeated redistillations, and moreover the 
method of operation is discontinuous. Very early in the last century efforts were 
made to construct continuous stills which gave in a single operation a more concen¬ 
trated spirit, and which removed to a great extent objectionable by-products. A still 



Fig. 127a.—Blair, Campbell, and M‘Lean’s form of Coffey’s Still. 

which has been largely used, and is still largely used, by British and Irish distillers, is 
the apparatus invented by ^Jneas Coffey in 1831, and shown in Figs. 127 and 127 a. 

This still comprises two columns, the analyser c and the rectifier n, which are divided into 
chambers made of wood and braced together in an iron frame. The chambers are separated by 
copper plates h , each having a large number of small perforations. Each plate has a safety - 
valve s and a drop pipe k standing with its upper end I in. above the plate and dipping into a cup 
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on the plate below. These overflows k are so arranged that the liquid flows across each plate, 
pursuing a zigzag course through the column. 

In operation, steam is passed into the analyser c by a pipe / and passes from the top of the 
analyser to the base of the rectifier D by a pipe m. When the columns are filled with steam, the 
wash is pumped through a coil of piping T entering the top of the rectifier D and passing through 
each compartment in succession to the bottom (the wash being thus heated, and the surrounding 
vapours cooled) and is discharged on to the top plate of the analyser c. The wash, heated almost 
to boiling, now flows down the column c in the face of an ascending stream o( steam. The small 
holes in the plate h are large enough to allow the passage of steam up through them, but too small 
to allow the wash (in the face of the ascending current of steam) to pass through. The wash, 
therefore, can only pour down from one plate to another through the down-tubes k . Consequently 
the downcoming wash meets an ascending current of steam, which, bubbling through each layer of 
liquid on the plates k, deprives it of its alcoholic contents. The alcoholic vapours and steam are 
lea away from the top of the analyser c to the base of the rectifier i> by means of the pipe m. 

Here a partial condensation of the vapours is effected by means of the coil T through which the 
wash is flowing. The vapours bubble through the reflux liquid thus provided in precisely the same 
manner as in the analyser C. As the vapours pass upwards, they become richer in alcohol; as the 
liquid flows downward, it becomes weaker in alcohol, though retaining the less volatile constituent, 
namely, the fusel oils. 

At a particular part of the rectifier, where the temperature corresponds with the temperature ol 
condensation of strong alcohol, is fitted a stout unperforated copper plate r (known as the “spirit 
plate** or “dumb plate”), pierced by a wide pipe which stands up about 2 in. above the plate. 
A two-branched pipe b drains this plate. Normally alcohol condenses above this plate and runs 
through one branch k % to the refrigerator F and thence to the “finished distillate” receiver M. 

At the beginning and the end of the distillation (which normally lasts two or three days without 
intermission) weak spirit condenses, and is run through the other branch b x to the refrigerator and 
thence to the “hot feints” receiver below. The liquid (containing alcohol and fusel oils) flowing 
away from the base of the rectifier also passes to the “hot feints” receiver, and is pumped thence 
continuously throughout the distillation to the top of the analyser, and is there re-distilled. The 
weak spirit vapours escaping by a pipe u, together with the more volatile impurities from the top 
of the rectifier, are condensed and also led to the “hot feints** receiver. At the end of each 
period the fusel oils are removed from the “hot feints** receiver. 

W. E. Bell gives the following analysis of a sample of fusel oils so obtained :— 

Amyl alcohol - - - - - 42.2 per cent. 

Butyl ,, ..... 33.4 

Propyl ,, ..... 18.9 ,, 

Ethyl ,, * ~ ■ * ■ 5*5 >> 

Ethyl esters of palmitic and oleic acids are also found in the “hot feints.’* 

Fig. 127a shows a modem form of Coffey’s still, as manufactured by Blair, Campbell, & 
M‘Lean, of Glasgow. 

Coffey’s still has been described in great detail, not merely because it is the type 
in most common use in this country, but also because it affords a very valuable 
insight into the principles of continuous working. All continuous distilling plants 
comprise a continuous still, such as Coffey’s analyser, and a continuous rectifier. 
Both the still and the rectifier are based on the same principle, namely, that by the 
repeated distillation and condensation that occurs in an apparatus in which a liquid 
and a vapour are flowing in opposite directions in intimate contact, the liquid is 
successively deprived of portions of its most volatile ingredients, and at the same time 
the vapour is successively deprived of portions of its least volatile ingredients, these 
being condensed and joining the down-flowing liquid, while the volatilised portions 
of the liquid pass on with the vapour. In the still, then, the wash enters at the 
top and meets a current of steam from below; the spent wash containing all 
the non-volatile ingredients and the major portion of the water passes out at the 
base, while the alcohol and volatile impurities together with water pass away at 
the top. In the rectifier, the vapours from the still enter at the base, while liquid 
provided by “dephlegmation,” that is to say, condensation, flows downwardly; 
at the base, a liquid, comprising the major portion of the water together with fusel 
oils and small quantities of alcohol, flows away, while at the top the alcohol and 
the more volatile impurities (aldehydes, etc.) collect in the form of vapour and may 
be condensed. 

These principles will be easily recognised as underlying the continuously- 
working distilling plants in use on the Continent. 

The type most widely used is that designed by Savalle. Fig, 128 shows a typical 
Continental still of this kind i— 
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A is the distilling column, B the rectifier, c the dephlegmator (or condenser) and preheater for 
the wash, D the alcohol condenser, g the alcohol outlet, K the spent wash outlet. 

The mash is forced through the pipe s into the dephlegmator c, wherein it is heated; then it 
passes in a hot condition through the pipe s 1 into the uppermost chamber of the distilling column 
A. The spent wash flows away through a regulator E. Steam enters by a perforated pipe b and 



vaporises the alcohol in the still A. The vapours enter the rectifier and pass away from the top 
by a pipe d to the dephlegmator c. The portions here condensed return by a pipe c to the rectifier. 
The remainder pass on to the spirit condenser by way of a pipe e, f 

. The rectifying column B is composed of perforated plates of the same construction as Coffey s 
apparatus. The d i g t i hlng column a is, however, of a different construction, and comprises plates 
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with central openings M surmounted by bells or hoods n, the lower edges of which dip below the 
surface of the liquid on the plates, which are provided with the usual overflow pipes O. The up- 
flowing vapours are thus caused to bubble through the liquid around the edges of the bells N 
(Fig. 128 and 129). * 

The dephlcgmator shown consists of a tank filled with water. It contains a double-walled, 
annular vessel, through which the vapours pass, and which in its turn surrounds a copper worm 
through which the mash from the fermenting vat is pumped. 

The main point in which this plant differs from Coffey’s apparatus is that the dephlcgmator and 
preheater for the wash C is entirely separated from the rectifier, no temperature exchange between 
the vapour undergoing rectification and the wash to he distilled being effected in the rectifier. It 
is the vapour from the top of the rectifier which exchanges heat with the wash, is thereby condensed, 
and returns by a pipe c to provide a reflux liquid in the rectifier. The column B is then a rectifier 
pure and simple. By this arrangement is obtained the advantage that the liquid which leaves the 
base of the rectifier must have been subjected to rcdislillation on all the stages of the column, whereas 
in the Coffey still some of the outflowing liquid may he derived from condensation in the lower part 
of the rectifier, and in consequence may not be satisfactorily freed from alcohol by redistillation. 

A British still of this type is “ Blair’s” patent continuous steam working still, manufactured by 
Blair, Campbell, & M‘Lean, Glasgow (Fig. 130). 

It is obvious that the rectifying and distilling columns may be arranged side by 
side in the same manner as in Coffey’s still. This arrangement has the advantage 
that the fusel oils may to a large extent be isolated and prevented from entering 
the distilling column. In modern plants for making industrial alcohol, it is 
not customary to pass the residue directly from the rectifier into khe analyser in the 
manner described in connection with Coffey’s apparatus. 
The oils are usually allowed to separate from this liquor, 
and are decanted off continuously, the liquid from which 
the oils have been removed being returned to the dis¬ 
tilling column. Plants embodying this operation are 
described on pp. 306-311, under Continuous Rectifying 
Apparatus and Combined Distillation Rectifica¬ 
tion Stills. 


Rectification. — The various forms of distilling 
plant previously described do not provide alcohol suffi¬ 
ciently pure for industrial purposes. The raw spirit or 
phlegm contains a quantity of aldehyde and fusel oils. 
The operation of rectification is designed for the removal 
of these substances. In the older type of rectifying 
plant, as introduced by Savalle, for example, the spirit after 
dilution with 40-50 per cent, of water is rectified in a still 
consisting of a large iron boiler a (Fig. 2, p. 6) heated by 
steam, surmounted by a copper rectifying column b, 45 ft. often high, together 
with a dephlcgmator c, from which liquid is returned to the rectifier by a pipe m t 
and a spirit condenser i>. The operation is discontinuous, the boiler being filled 
with the diluted spirit and carefully distilled. The operation is then broken and 
the residues removed; then the boiler is refilled, and the distillation repeated. 
The loss amounts to 1.5-2 per cent, of alcohol. 

The raw spirit was thus separated into four products, viz.: (1) First runnings 
or foreshots, which is a mixture of acetaldehyde and ethyl alcohol. It boils at a 
lower temperature than pure ethyl alcohol, and is called ether by the refiner. 
(2) Clean or rectified spirit, which is the intermediate product, and consists 
of almost pure alcohol, 96-97 volumes per cent. (3) Feints, a mixture of various 
alcohols, consisting of some ethyl alcohol and much amyl alcohol, and similar 
alcohols of high boiling points. (4) Fusel oil, which remains in the still together 
with the water. 

Charcoal Filters. —The alcohol as it came from Coffey’s and older stills contained anything 
between 80 and 90 per cent of alcohol by volume, and always had a certain amount of fusel oil ana 
aldehyde in it. These must be removed before the alcohol is fit for adding to good wines, liqueurs, 
etc., or can be used for many chemical purposes. It was therefore the custom to filter it through 
charcoal filters, which greatly improved its quality. Owing to the presence of absorbed oxygen in * 
its pojres the charcoal acts chemically on the higher alcohols, oxidising them to acids (also to 
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aldehydes), which then form tsars with the excess of ah ohol. Part of these esters are retained by 
the charcoal, but some remun m the spirit, conseijuuitlv, although filtration through alcohol 
impro\cs the taste and smell of the alcohol, it dots not completely remove. all the fusel oil The 
charcoal, broken into lumps, is plactd in a number of lion c\linders (which aie sometimes 30 fl 
high) arranged in series, and the spirit, aftei diluting to 50 pel cent, is allowed to slowly flow 



p 11, 130 —“ B 1 ur’s ” Patent Continuous Working Sle im Still. 

A, Still Kettle with Steam Coils; B, Anal) sing and Rectifying Column 5 
c, D, Rectifying Wash Heateis , k, Condenser 


through them (Fig 131). The last traces of alcohol are recovered by blowing steam through the 
charcoal, and it is regenerated by heating to redness in special furnaces. . 

Within recent years the expensive process of filtering through charcoal has been largely dispensed 
with, the distillers relying on carefully conducted rectification for the complete removil of the fusel 
Oil and acetaldehyde, the former being now a valuable by product (see pp 312 and 383). 
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Before proceeding to a detailed description of more modern types of plant 
(including continuous apparatus for rectifying alcohol) it may be as well to note 
the different forms the various integers of the apparatus already described may take, 
and the additional devices which are essential to the efficiency of the apparatus. 


Distilling 1 and Rectifying 1 Columns. —These are identical in principle, 
but since in the distilling column the distiller may have to deal with thick mashes 
which tend to block the various passages of the still, greater variation will be found 

in the forms of apparatus adopted. 
The forms in most common use 
are those in which the vapours 
bubble throifgh the liquid, and 
these again are divisible into (i) 
“ Plate ” columns; (2) “ Full” 
columns. Types in which the 
liquid is brought into contact with 
the vapours in the form of films or 
spray are also known. 

Plate columns are either of 
type described in connection with 
the Coffey still, comprising per¬ 
forated plates, or of the type de¬ 
scribed in connection with the 
Sava lie still, comprising large 
orifice surmounted by hoods by 
means of which the vapours are 
forced to bubble through the 
liquid (Figs. 128, 129). 

An example of the foim which a 
modern bubbhng-hood plate takes is that 
used in Hgrot’s system, and shown in 
Fig. 132. This comprises a number of 
lx. 11 s /’ arranged on a plate sloping to- 
waids the centre and provided with a 
number of partitions which force the 
liquid entering at a to follow a path 
bedefg which brings it past each of the 
hells before it reaches the exit 0. In both 
types of plate columns we get, in each 
compartment, a layer of liquid and above 
it a stratum of vapour. 

Guillaume’s “ inclined column ” (Fig. 
133) closely resembles the “plate” type, 
and was dev ised to meet the problem of 
thick mashes. It has, however, proved 
useful as a rectifying appaiatus. This 
apparatus is made in two parts; the upper 
part of the casing is provided with de¬ 
pending partitions 3 extending across the 
whole width of the column, while the 
lower part is furnished with upstanding 
partitions d, alternately stopping short of 
side of the casing. The liquid thus follows a zigzag course from top to bottom, as indicated 
arrows, while the vapours arc forced to bubble under each of the partitions 3. 



Fn». 131- — Charcoal Filters. 
(Llewelhns & James, Bristol.) 


either 
by the 


u Full” columns are, however, full of mash, the vapours passing from bottom to top continuously 
in bubble form. Obstructions cannot arise in this type of column, but unfortunately it is much less 
efficient than the “plate” type, and is therefore never used for rectifying purposes. The still 
used by Ilges, and shown in Fig. 134* »» a good example of this type. It will be seen that the 
only internal fittings take the form of baffle plates a , g, which both lengthen and regularise the 
upward path of the vapours through the down-flowing liquid. 

Of Film types two are worthy of mention, namely, those devised by Savalle and by Ilges. 
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Savalle’s horizontal apparatus was devised primarily for dealing with thick mashes, and 
comprises a horizontal cylinder in which a number of discs partially immersed in liquid rotate on 
a horizontal shaft. The liquid flowing in one direction is thus continuously exposed in thin Aims 
to the action of the vapours flowing in the opposite direction. It is described in detail in British 
Patent 21,708, 1891. 

Ilges and other inventors use a tower packed with glass balls or the like for rectifying purposes- 

Spraying* columns for distilling purposes have been de\ised by Guillaume; these are described 
in detail in British Patents, 3,561, 1903, and 11,475, I 9°6. 


Dephlegmators. —A form of dephlegmator has been described on p. 300 
in connection with Savalle’s still. At one time it was thought that a dephlegmator 
such as that described had the effect of condensing from the vapours entering 


it a fraction containing the less vola¬ 
tile constituents, while allowing the 
more volatile constituents to pass on 
to the spirit condenser. According 
to this theory the dephlegmator thus 
had a rectifying or fractionating 
action. It cannot, howevei, be too 
strongly emphasised that the de- 
phlegmators in common use, con¬ 
structed as they are with cooling 
surfaces only, have practically no 
rectifying action, or, to use the words 
of Barbet, the condensed liquid has 
practically the same chemical com¬ 
position as the mixture of vapours 
from which it is derived. 

In France this principle has been 
largely recognised, and the evolution 
of distilling rectifying plant has 
followed lines entirely different from 
those based on the older theoiy. 

Numbers of inventors—Ilges, for 
example, in Germany — working on 
the old theory and recognising that 
the dephlegmators in use were, from 
that point of view, highly inefficient, 
have improved their dephlegmators 
by combining with them construc¬ 
tions having a true rectifying action. 



(Egror, Paris.) 


An example ot such a type of dcphleg Elevation, 

mator is sketched in Fig. 135, which was T -> 

designed by J. Verchow, Germany, and is ” * >2, Egrot 5 Tray, 

constructed by Schmidt & Son, Nauen, 

Mecklenburg, Germany. It consists of three casings placed one within the other; the middle casing 
on lx>th its inner and outer sides, and the inner casing on its outer side only, are provided with 
annular angle flanges riveted in position. The mash is pumped into the apparatus tnrough A, and 
flows in a gradual spiral path formed between the outer and middle casing by the flanges, until it 
reaches the outlet B, whence it pours into the mash or distilling column. The alcohol vapours from 
the distilling column enter the dephlegmator at c and pursue a spiral course upwards through the 
space G between the flanges upon the outer side of the inner casing and the inner side of the middle 
casing, a large portion condensing on the way and flowing down the spiral into the distilling head by 
G, the rest passing on and partially condensing in the cooling chamber situated in the upper part of 
the dephlegmator, whereas the uncondensed alcohol vapour passes out through D into a condenser 
where it is condensed and drawn off as pure alcohol. The alcoholic vapours condensing in the 
upper cooling chamber run through the tube cc and trickle down between the flanged castings 
into the upper part of the distilling column. The inner casing is filled with cooling water which 
completely surrounds the cooling chamber. The mash is heated by the warm outer wall of the 
middle casing and in its turn cools the alcohol vapours. 
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It is by the introduction of these flanged castings, which provide a long path in which the 
liquid is to some extent removed from the cooling action of the walls and is subjected to the action 
of the hot vapours, that the repeated redistillations which constitute the operation of rectification 
are alone rendered possible. 

The Wagener type of dephlegmator is l>a>cd on the same principle. 1 lore will be seen cooling and 
condensing surfaces constituted by corrugated walls tfand tubes a , Fig. 135. These have no rectifying 
action. These surfaces are, however, provided with metal strips i and r, which enable the vaporisa¬ 
tion of the liquid by the hot vapours, and which perform the actual rectification. 

Apparatus fitted with 
dephlegmators, such as 
those described, yield with 
ease an alcohol of strength 
89-92 per cent, by volume 
in place of the spirit of 
80-87 per cent, strength 
obtained in plant not fitted 
with such apparatus. 

Pasteurisation.— 

This operation is charac¬ 
teristic of the rectifying 
plant adopted in France. 
It is based on two 
principles:— 

(1) A condenser as 
such has no rectifying 
action; that part of the 
vapours which is liquefied 
is of almost exactly the 
same composition as the 
part which is not liquefied, 
particularly when the alco¬ 
holic vapours are of high 
degree. 

(2) If any plate of a 
column is charged with 
boiling liquid, and a 
vapour of the same tem¬ 
perature is made to bubble 
through that liquid, then 
of that vapour the portions 
which are more volatile 
than any portion of the 

.“f j liquid will pass on without 
// being liquefied. The only 
change in the composition 
of the liquid and vapour 
Fig. 133.—Guillaume’s “ Inclined ” Column. which can take place is 

such that the vapour yields 

. . ., , , . a portion of its less volatile 

constituents to the liquid, and the liquid yields a portion of its more volatile 
constituents to the vapour. Turning to Fig. 136 which shows the top of a rectifying 
column a surmounted by a condenser or dephlegmator e from which the condensed 
liquid is returned to the top plate B of the rectifier, we find that in conformity 
with the first mentioned principle that the liquid thus returned is of the same 
composition as the vapours entering the condenser k, and accordingly contains 
alcohol together with head-products (aldehydes and ethers) but that, in conformity 
with the second mentioned principle, by the time that liquid has reached the third 
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plate of the rectifier, those head-products have been volatilised, and that accordingly 
pure liquid alcohol may be withdrawn from that plate through a pipe H. This 
operation is that known as “Pasteurisation,” and the resulting product is “pasteur¬ 
ised ” alcohol. The vapours that escape condensation in the dephlegmator e pass 
to a condenser f, are there condensed to yield a liquid containing head-products 
which are subjected to further treatment. 

Regulation. — To obtain absolutely uniform products, it is necessary to 


ensure that the amounts of the various 
distillates and of the residues leaving 
the base of the columns per unit time 
are constant and correspond exactly with 
the amount of lice liquid entering the 
apparatus, and further, that the tempera¬ 
tures and the quantity of liquid in any 
part of the apparatus aie also constant. 

For example, the amount of steam admitted 
for heating pui poses is contioiled by a thermo¬ 
static device which lesponds instantly to any 
variation of the lempoiature m the distilling 
column. 

While it is not intended to describe 
in detail the various devices used to en¬ 
sure uniformity of working, it may be as 
well to consider the arrangements used 
in conjunction with the pasteurisation 
apparatus previously described with refer¬ 
ence to Fig. 136. These will afford an 
insight into the scrupulous care that is 
necessary to obtain satisfactory results. 

It will be remembered that the 
vapours pass from the rectifier a through 




Section. Section. 

Fig. 134.—Ilges Column. 


the condensers e, f in succession. Pasteurised alcohol is extracted by a pipe h, is 
passed through a refrigerator g, and flows away through a test (or sight) glass p. 
Alcohol containing head-products flows away through a pipe l to a test-glass t. By 
means of cocks m and n the quantities of liquid flowing through the test-glasses are 
regulated to give outflows of pasteurised alcohol and # alcohol containing head- 
products roughly in the proportion of 95 : 5. Suppose, then, that the condenser E 
does not condense its proper proportion of spirit. An excess over that flowing 
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away through the cock n will then be condensed in the condenser f. By tht 
provision of a pipe r this excess is made to rejoin the spirit running from the 
condenser e to the top plate of the rectifier. To sum up, let us assume that by 
means of various other devices we have ensured that the rectifier is working 
uniformly in other respects so that vapour flows uniformly to the condenser e. 
We have a constant outflow through cocks m, n. Then by difference we shall have 
a constant excess of liquid, condensed in e and f, and not passing away through 
the cocks m, n. This will constitute the reflux or “ retrogradation ” in the rectifier 
a, passing steadily down the column from plate to plate to meet the constant 
upward flow of vapour. 

Continuous Rectifying Apparatus.— As previously indicated, in rectification 
the manufacturer has to deal with' “phlegms ” or alcoholic liquids resulting from 
the distillation of various types of fermented washes, but all containing head- 
products (ethers and aldehydes), tail-products (fusel oils), and varying quantities of 
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water. To get a continuous rectifying apparatus, it is then necessary to effect 
these operations in apparatus of the columnar type. 

Barbet’s apparatus is a typical solution of the problem (Fig. 137). 

The phlegms (or raw spirit) are first treated for the removal of head-products. This is effected 
in a purifying column, A, to the upper part of which the phlegms are led from the preheater R. 
The column comprises essentially a distilling column surmounted by a short rectifying column 
together with the usual condensers b, c. The apparatus is worked in the same manner as an 
ordinary continuous still, but is so regulated that only about 5 per cent, of distillate is allowed to 
flow away through the test-glass V, This distillate comprises the most volatile ingredients—the 
nead-products. The alcohol, purified in, this manner, flows down to the base of the column A, and 
thence in the liquid form to tne base of a rectifying column o. The rectifying column G also is 
constructed and worked on the general principles already laid down for continuous distillation. 
The most volatile ingredient—in this case, tne alcohol—passes up the column in the form of 
vapour, and the less volatile ingredients—water and oils—pass downwards. In order to remove 
the last traces of head-products, the alcohol is condensed in H, K, and is pasteurised in the 
manner described on p. 304. The finished alcohol is extracted from the column G, and passes 
through a "refrigerator is to the test-glass Q. Alcohol containing traces of head-products issues 
from the condenser K and passes away through the test-glass R. 





















SPIRIT PIS TILL . 1TION 


3o; 

The statement that the oils pass downwards with the water is, however, subject to a very 
important qualification. Duclaux has shown that the tail-products, though themselves less volatile 
than water, when mixed with water, boil at lower temperatures. Thus a 5 per cent solution of 
butyl or amyl alcohol is more easily evaporated than a 5 per cent, solution of ethyl alcohol. In 
volatilising the whole of the alcohol in the phlegms, one cannot avoid volatilising the whole of the 
fusel oils. The liquid issuing from the base of the column o is, in consequence, water and nothing 
but water. The tail-products remain behind in the rectifying column, and if allowed to accumulate 
would gradually rise from plate to plate until in a continuous plant, such as that described, they 
would be found in the pasteurised alcohol. It is found that the tail-products accumulate on, 
particular plates, usually the second and third plates below that on which the feed enters. By 
withdrawing from these plates a quantity of liquid (namely about 2.5 per cent.) such that the 
amount of oils thus removed is equal to the amount entering within the phlegms, the accumulation 
of the oils is prevented and the vitiation of the pasteurised alcohol with fusel is prevented. The 
oil-containing liquid is cooled in a cooler i> and passes awi.y through a test-glass T. 

The apparatus also comprises steam regulators, and a device for testing the exhaustion of the 
phlegms, comprising a condenser and a 
test-glass, which should yield a liquid 
containing no alcohol. The exhausted 
phlegms from the base of the rectifier pass 
to the heat-exchanger k, to heat the 
incoming phlegms. 

Apparatus of this type yield as finished 
alcohol about 91-92 per cent, of the alco¬ 
holic content of the phlegms from which 
it is dr rived. 

Combined Distillation 
and Rectification Stills.— 

Recently several firms have placed 
stills on the market which produce 
directly from the mash at a single 
operation a perfectly pure spirit at 
96-98 per cent, alcoholic strength 
by volume, entirely free from fusel 
oil and aldehyde. These stills de¬ 
liver continuously in four unbroken 
streams through four different 
orifices four different products, 
viz.:— 

1. Pure Spirit, 96-98 per cent, 
alcohol, comprising 90 per cent, of 
the alcohol in the mash, and quite 
free from fusel oil and acetaldehyde 
or foreshots. 

2. Fusel Oil (tail-products), 
principally amyl alcohol, which 
forms an excellent oil for illumina¬ 
ting purposes and for the manu- Fio. 136*—^Diagram Illustrating Pasteurisation, 
facture of fruit essences. 

3. Foreshots, or fore-runnings (head-products), consisting of 97 per cent, 
acetaldehyde, and containing only 3 per cent, of alcohol. It forms an excellent 
material for denaturing purposes. 

4. The alcohol-free spent wash, used as a food for cattle. 

The types used in France and Germany differ to a considerable extent. A 
plant of each type will be described. 

One of the best of the German stills is that of Robert Ilges, Germany, 
manufactured by the firm Gebriider Sachsenberg, of Rosslau a/Elbe (Fig. 138). 

The apparatus comprises essentially a distilling apparatus, consisting of a still A and a rectifier 
C, surmounted hy a dephlegmator /, which together form a plant yielding alcohol vapours of about 

r i.5 per cent, free from fusel oil, but containing head-products. These vapours pass by a pipe 
to a column D, where the head-products are completely separated. 

The still A is of the “ full” type devised by Iiges, and described on p. 302. It is fed with wash 
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in regulated quantity by mean-, of a balance on which a funnel 2 is arranged to discharge into 
the feed pipe 3 of the still. The spent wash is discharged through a icgulator n. A regulator F 
controls the supply of steam to the base d of the still. 

The vapours evohed in the distilling column A, healing with them all the easily and difficultly 
volatile impuiities, such as aldehyde and fusel oil, pass through the tube a into the first rectijying 
column c, wherein the alcoholic vapouis are strengthened to yt>\ per cent., and the fusel oil 
liquefied and separated. 

The rectifier c is of the film type devised b\ llges, and is packed with poicelain halls over which 
the liquid flows in intimate contact with the \apours. The dcphlegmator / consists of horizontal 
cooling tubes with a packing of poicelain halls to produce an accompanying rectification. 

A plate 8 at the base of the column is so constructed as to allow of the upward passage of 
vapouis only. The liquid collecting on this plate consists of a dilute solution of alcohol containing 
tail-products, and is led away by a pipe II into the loolcr j, when* it is cooled to 30° ('. This 

cooling causes the oil to separate completely from the 
water, and the mixture of oil and water runs into the 
oil scpaiator m. The oil is lighter than the water 
and floats on its surface. The light oil, therefore, 
rises in the tube 13, and flow's away by a pipe branch¬ 
ing out at the point 15, while the water, now freed 
ftom oil, but containing alcohol, flows through a pipe 
14 into a fusel oil distilling column R, and is distilled 
fiee fiom alcohol by a stream of steam entering at d\ 
The alcoholic vapouis pass by a pipe 7 to the base of 
the lectifiei c. 

After the alcoholic \apours have thus been com¬ 
pletely depmed of their fusel oil in the rectifying 
column c, they enter the second tedifying column or 
puiifier D, wuth a strength of 96. 5 per cent, of alcohol 
by volume, hut still containing the volatile aldehyde 
and ethers. It is the function of d to separate the 
puio alcohol fiom the aldclnde. 

The column D is furnished with dephlegmators /, 
(/, and tubular heaters r, s, through which steam 
citculates, and may conveniently he regarded as 
divided into three sections. The alcohol vapours of 
high degree entering the middle section by the pipe b 
aie heated by passage through the heater r to a tem¬ 
perature sufficient to ensure a satisfactory removal of 
head-products from the liquid, about 70 per cent, of 
the vapours entering at b retiograding from the 
dcphlegmator/. The uncondensed vapours from the 
deplilegmator p (about 30 per cent, of the total) entei 
t he uppermost section and meet liquid (about 20 pei 
(ent. of the total) condensed in the deplilegmator q. 

I he head-products are thus concentrated in the 
vapours (constituting 10 per cent, of the vapours 
entering at b) which survive the deplilegmator y, and 
aie led b}' a pipe c to a refrigerator L. The liquid 
from the base of the middle section enters the lower¬ 
most section, and is partially vaporised by the heater 
s, to pi ovule an up-flowing current of vapour which 
removes the last traces of head-products from the 
down-flowing alcohol. The purified liquid alcohol 
Fig. 137.-Barbel’s Continuous ,lows tlwa >' 0 W e h to * r *«Serator K. 

Rectifying Plant. In the German still just described, the 

alcohol is first concentrated and is then 
treated for the removal of head-products. In the French still about to be described, 
it should be noted as a salient feature of difference that the removal of head- 
products comes immediately after the distillation of the wash, and before the 
vapours are subjected to rectification. This still was devised by Guillaume and 
is manufactured by Egrot (Paris). The plant is shown diagrammatically in 
Fig. 140, and in its actual form in Fig. 139. 

The wash is distilled in an inclined column a (Fig;. 139) (not shown in Fig. 140) and the vapours 
enter a heat-exchanger w in the base of the rectifying column c, and are there condensed. The 
resulting phlegms flow through a pipe 3 (Fig. 140) to the purifying column b, where the head-products 
are volatilised and removed. By an ingenious artifice, to be subsequently described, the tail-products 
are made to behave as head-products, and are also removed. The purified phlegms pass through 
a pipe 4 to an accumulator or reservoir v, which is used by the inventor to produce a steadying or 
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fly-wheel effect on the plant. The phlegms overflow through a pipe 6 to an exhausting column K, 
which is entirely separate from the column it, and is so shown in h ig. 139, and the vapours there 
generated are led by a pipe m to a concerntrating column o. The concentrated alcohol in the liquid 
form is led by a pipe 12 to the rectifying column c, and is there vaporised by the heat-exchanger w. 
The retrogradation in the column g is a weak spirit containing oils, and is led by a pipe 10 to the 
purifying-column it. 

In the rectifying-column c, the last traces of tail-products are removed in the form of an 
alcoholic solution, and are led back to the column it by a pipe 25. The liquid alcohol, now 
almost pure, is led away by a pipe 16 to a final puiifying column n, and is there subjected to a 
partial distillation for the removal of the last traces of head-products. The vajxmrs ]>ass by a 
pipe 37 to the rectifying column c, and the finished alcohol is led by a pipe 26 to the refrigerator. 
The condensers at the head of the columns B, c are arranged as described in the article on 


Fig. 138. — Ilge* Combined Distillation and Rectification Apparatus. 

Regulation, p. 305, and provide distillates of head-products and an. alcoholic solution of head- 
products respectively, the former being led to the refrigerator by a pipe 32, and the latter to the 
purifying column B by way of a pipe 24. 

To return to the removal of the oils in the column B. It was shown in the article on Barbet’s 
rectifying apparatus on p. 306, that fusel oils in the presence of water were more volatile than a 
dilute solution of alcohol. Guillaume (vide British Patent, No. 5,794, 1902), working on this basis, 
formed the idea of forcing the oils to behave as head-products by keeping the alcohol to the requisite 
low degree of dilution. In the purifying column, therefore, he provided a pipe 29 admitting water 
in sufficient quantity to ensure the volatilisation by the uprising vapours of the fusel oils contained in 
the down-flowing diluted alcohol. Above the point where the pipe 29 enters, the ordinary classifica¬ 
tion of products takes place, the aldehydes passing upwards as vapour, and the oils retrograding as 
liquid, and flowing away by a pipe 31 to the refrigerator. 
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It need scarcely be icmarkcd that this article is fai fiom being exhaustive. 
An attempt, however, has been made to describe the most important of the 
principles which have been adopted m the distillation and rectification of alcohol. 



1 it 139 —f»ui!l tumc Continuous Distillation ami kectilkition Apparttus 


The plants described accordingly have been those which are most conveniently 
adapted for a discussion of these principles. It is only fair to'say that numerous 
stills, other than those mentioned—for example, F. Pampe’s low-pressure apparatus 
—are highly efficient and satisfactory in operation. 
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Fig. 140.—Guillaume’s Continuous Distillation and Rectification 
Apparatus: Diagrammatic View. 

STORAGE OF ALCOHOL 


The alcohol is stored in large iron tanks, provided with inlet and outlet valves, 
and similar in construction to petroleum tanks. It is transported, like petroleum, 
in closed cistern trucks, which are filled and emptied by hose. 
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Utilisation of Spent Wash 

The Spent Wash of corn and potato distilleries resulting after all the alcohol 
has been distilled off, contains a considerable amount of nitrogen and is used as a 
food for dairy cattle, beeves, and pigs. The spent wash from potato distilleries ia 
usually made more nutritious by the addition of maize. In Germany the produc¬ 
tion of these cattle foods has already reached a very high stage of perfection, 
owing to the numerous “ farmer distilleries ” which thrive in country districts, such 
distilleries maintaining their own cattle. These spent washes must be fed warm to 
the cattle, fresh from the distillation, otherwise they rapidly sour and go bad. 
Fresh spent wash contains: 1.5-2 per cent, protein, 0.2-r per cent, fats, 3-5 per 
cent, carbohydrate, and 90-94 per cent, water. 

In large industrial distilleries in towns, where it is impossible to feed the wash 
to cattle in a fresh condition, the fluid is evaporated and sold as “ dry wash.” It 
then contains about 23 per cent, of protein, 35 per cent, of non-nitrogenous 
extractive substances, n per cent, fibres, and 6 per cent, of fat. This dry wash 
is transportable, but not so digestive as the fresh wash. 

It has been proposed to place the purified spent yeast on the market as human 
food (see p. 275). 


Alcoholometry—Testing the Spirit 


Rectified Spirit of Wine, the most concentrated alcohol producible by ordinary distillation, 
contains 84 per cent, alcohol, sp. gr. 0.83S. 

Proof Spirit contains 49.24 per cent, alcohol, and has sp. gr. 0.91984 at 6o°/6o° F. Spirits 
weaker than this are said by the English Excise to be so many degrees (*>., so much per cent) 
“under proof” (U.P.). Thus a spirit of 20° “under proof” means a liquid containing at 6o° F. 
some 20 volumes of water and 80 volumes of proof spirit. A spirit of 50° U.P. contains 50 volumes 
water and 50 volumes “proof spirit.” Pure water is 100* U.P. 

“ Over Proof” (O. P) Spirits are stronger than “ proof spirit,” and are defined by the numbet 
of volumes of proof spirit 100 volumes could yield when diluted with water. Thus 100 volumes of a 
spirit “50® 0 . 1 *.” on dilution with water would yield 150 volumes of “proof spirit.” Absolute 
alcohol is 75.25 0 O.P. and hence 100 volumes when diluted with water can give 175.25 volumes of 
proof spirit. In the United States “proof spirit” has a sp. gr. 0.9341 at 6o°/6o° F. and contains 
42.7 per cent by weight of absolute alcohol. 

The amount of alcohol in spirit is determined by taking its specific gravity with a hydrometer— 
here called an “alcoholometer.” Pure alcohol at 15.5 0 C. (6o° F.) has a specific gravity of 0.7946. 
The more water in the liquid, the more nearly the specific gravity approaches unity. The concentra¬ 
tion of the alcohol is expressed by volume and by weight Volume and weight percentages do not 
correspond, because in mixing water and alcohol a contraction ensues. (50 volumes alcohol + 50 
volumes water yield only 96.4 volumes of diluted alcohol.) 

The Volume Percentage, after Tralles and Brix, gives the number of cubic centimetres absolute 
alcohol contained in 100 c.c. of the fluid at 15.5* C. (6o° F.), 

The Weight Percentage (adopted officially since 1888 in Germany) gives the number of grams 
of absolute alcohol contained in 100 g. of the spirit at 15° C. 

The “apparent” alcohol percentage, as read off on the graduations on the hydrometer immersed 
in the spirit at any given temperature, is reduced to the “True” alcohol percentage at the standard 
temperature, 15* C. in Germany, and 60 8 F. in England, by means of special tables. 

The spirit is sold on the basis of the amount of absolute alcohol (100 per cent) it contains. The 
percentage of alcohol by volume and weight contained in watery solutions of various specific gravities 
is expressed by the following table:— 
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Specific Gravity of Percentage Mixtures of Alcohol and Water by 
Volume and by Weight at 60* F. (15$’ C.) 


Corresponding 
Specific Gravity. 


O.8748 

.8724 

.8700 

.8676 

.8652 

.8629 

.8605 

.8581 

•8557 

•8533 

.8509 

.8484 

•8459 

•843s 

.8409 

.8385 

•8359 

•8333 

.8307 

.8282 

.8256 

.8229 

.8203 

.8176 

.8149 

.8122 

.8094 

.8065 

.8036 

.8006 

.7976 

.7946 


Per Cent, 
by Volume. 

■II 

Corresponding 

Specific Gravity. 

0998s 

0.9981 

.9970 

•9963 

•9956 

.9944 

.9942 

.9928 

.9928 

.9912 

•991s 

.9896 

.9902 

.9880 

.9890 

.9866 

.9878 

.9852 

.9866 

•9S39 

.9854 

.9826 

•9843 

•9813 

.9832 

.9800 

.9821 

.9788 

.9811 

•9775 

.9800 

•9763 

.9790 

•9780 

•9751 

•9739 

.9770 

.9727 

.9760 

.9714 

•9750 

.9702 

.9740 

.9690 

.9729 

.9677 

.9719 

.9664 

.9709 

.9651 

.9698 

•9637 

.9688 

.9622 

.9677 

.9607 

.9666 

•9592 

•965s 

•9577 

.9643 

.9560 

•9631 

•9544 

.9618 

.9526 

•960s 

.9508 


Per Cent, 
by Volume. 

Per Cent, 
by Weight. 

Per 

Cent. 

Cot responding 
Specific Gravity. 

Alcohol. 

0.9592 

O.9490 

69 

•9579 

.9472 

70 

•9565 

•9453 

71 

•9550 

•9433 

72 

•9535 

•9413 

73 

•9519 

•9394 

74 

•9503 

•9374 

75 

•9487 

*-9353 

76 

.9470 

•9332 

77 

•9452 

• 93 ” 

78 

•9435 

.9291 

79 

•9417 

.9269 

80 

•9399 

•9248 

81' 

.9381 

.9227 

82 

.9362 

.9204 

83 

•9343 

.9183 

84 1 

.9323 

.9160 

85 

•9303 

.9138 

86 

.9283 

.9116 

87 

.9263 

.9094 

88 

•9242 

.9072 

89 

.9221 

.9049 

90 

.9200 

.9027 

91 

.9178 

.9004 

92 

•9156 

.8981 

93 

•9134 

.8958 

94 j 

.9112 

•8935 

95 

.9090 

.8911 

96 

.9067 

.8888 

97 

•9044 

.8865 

98 

.9021 

.8842 

99 

.8997 

•8973 

•8949 

.8818 

•8795 

.8772 

100 


The .spirit is also usually subjected to the following tests (for fuller details, see Allen** 
“Commercial Analysis,” 1900, vol. i.):— 

1. Amount of rusel Oil (Higher alcohols).—In England and America this is usually estimated 
by the Allen-Marauart method, which consists in boiling the sample with KOH, steam distilling, 
adding saturated brine to distillate to separate fusel oil, and extracting with CC 1 4 , oxidising with 

K s Cr 2 07 + H 2 S 0 4 , titrating with — Ba(OH)2> using methyl orange as indicator at first, and then 

N 

phenolphthalein. Each c.c. of— alkali required in the second stage of the titration (using phenol- 

phthalein) corresponds to 0.0088 g. amyl alcohol. The official German method (Rose-Herzfeld) 
is to shake the spirit with chloroform under rigorously defined conditions. The increase of volume 
gives the amount of fusel oil. 

2* Aldehyde Determination.—This is estimated colorimetrically by means of Schiffs reagent. 
3. The Furfurol is estimated by comparing the tint produced in the liquid by the addition of 
aniline acetate with that produced m a standard solution of furfurol in pure 50 per cent alcohol. 
A first-class prima spirit should contain 94 per cent, alcohol by weight (96 by volume), possess a 
neutral taste and smell, be of a white colour, be auite neutral, contain no aldehyde or furfurol; 
should remain clear and colourless when mixed with water; with KMn0 4 solution should remain 
red after thirty minutes*; boiled with HgSC^ (Savalle’s test) should give no colour; treated with 
HjSOa in the cold (Vitali*s test) should give no colour. 

Mmmmimdgment —The authors have much pleasure in thanking the firm of John Dewar ft 
Sons Ltd., distillers, of Perth, for much help and scientific information regarding alcohol manu« 
facture, which, in their hands, has already reached a very high state of perfection. 
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Fusel Oils and the Manufacture of Amyl and Butyl Alcohol 

Whisky, brandies, and similar alcoholic fluids sometimes contain as much as 
0.6 per cent, of fusel oils, which contain esters, and are of value in giving a 
characteristic odour to the liquid. Potato spirit fusel oils have an unpleasant 
taste and smell. 

It is the quality , rot so much as the quantity , of the fusel oil present in a spirit 
which affects its taste, and decides whether it must be refined or not. Many 
valuers rely on taste alone for the determination of this important point. 

Fusel oil was until recently an almost valueless by-product of the spirit industry, 
but is now a very valuable substance. 

Manufacture. —The manufacture by the distillation of wine and especially spirits has been 
described above (pp. 251, 298, 30x5, 307, 308, 309). By the processes above described it was 
necessary to manufacture 1,000 parts of ethyl alcohol for every one of fusel oil produced. Prof. 
Fembach of the Pasteur Institute has worked out a process whereby starch is directly fermented 
to fusel oil and acetone. Mashes are made of cereal grains ( e.g ., maize) or potatoes, and inoculated 
with special cultures, whereby over 42 per cent, of the starch employed is converted into mixed higher 
alcohols (fusel oils) and, Fembach states, of these about 65 per cent, is butyl alcohol. O. Hehner 
found that 100 parts of the dried substance of potatoes yielded 43 parts of higher alcohols plus 
acetone, the latter constituting above one-third. It is asserted that these fusel oils can be placed on 
the market at a price not exceeding £$$-£,45 P er ton ( see W. H. Perkin, ju n. 9 Jottrn. Soc . Chcm. 
bid. , 1912, p. 622; also English Patents, 15,203, 1911 ; 15,204, 1911 ; 21,073 1912). 

Composition of Fusel Oils.— The composition of Wine Fusel Oils is given on p. 251. 
They consist, roughly, of 51 per cent, normal butyl alcohol , 20 per cent, amyl alcohol, 10 per cent. 
normal propyl alcohol, 8 per cent, ethyl acetate , 8 per cent, acetal , and small amounts of esters oj 
fatty acids , acetaldehyde, heftyl alcohol, amine bases, etc. 

The composition of Spirit Fusel Oils varies considerably with the method of manufacture, but 
consists mainly of amyl alcohol. W. E. Bell gives the following analysis of a sample of the fusel 
oils removed from the “hot feints ” receiver of a Coffey Still (p. 298):— 

Amyl alcohol (B.P. I32°C.), 42.2 per cent. ; isobutyl alcohol (B.P. I09°C.), 33.4 per cent. ; 
normal propyl alcohol (B.P. 97°C.), 18.9 per cent. ; ethyl alcohol, 5.5 per cent. Ethyl esters of 
palmitic and oleic acid were also present. 

A sample of Commercial Fusel Oil contained : Amyl alcohol (B.P. 132 0 C.), 68 per cent.; 
isobutyl alcohol (B.P. 109° C.), 24 per cent. ; normal propyl alcohol (B.P. 97 0 ), 7 per cent. ; small 
quantities of esters, furfural, etc. 

When commercial fusel oil is fractionated the portions boiling at I28°-I3i° C. consist of the 
Amyl Alcohols, containing 87 per cent, isoamyl alcohol, (CH 3 ) 2 CII.CH 2 .CH 2 OII, and 13 per 
cent, active amyl alcohol, CH ft .CH 2 CII(CH 3 ).CH 2 .OH. 

The fusel oil produced by Fernbach’s Fermentation Process contains about 65 per cent, of 

butyl alcohol. 

Uses of Fusel Oils and Higher Alcohols.—Fusel oil was, until recently, used as an 
illuminating oil, but is now far too expensive for this purpose. It is very largely used for manufactur¬ 
ing the individual higher alcohols (by fractional distillation) and their esters, thus giving rise to the 
industry of Fruit Essences (see p. 382) for flavouring liquors, jellies, sweets, etc. Very large 
quantities of amyl acetate are used as a solvent for pyroxyline (nitrocellulose) for the purpose of 
making nitrocellulose varnishes, lacquers, and for artificial leathers having a nitrocellulose composi¬ 
tion (see pp. 49, 383, *>89). It was formerly employed as a solvent in the explosive and paint 
industry, but its high price has caused an abandonment of it in favour of cheaper solvents. Amyl 
alcohol is used in the {flotation process of separating sulphide ores, its usefulness depending upon the 
low surface tension of its aqueous solution. Fusel oil and its constituent alcohols have been 
employed for the precipitation of asphalt from heavy mineral oils. Recently the Synthetic 
Products Company of London have proposed to place it on the market by Femback's 
Fermentation Process , and to utilise the product for the manufacture of synthetic rubber by methods 
worked out by Perkins, Matthews, and others (see W. H. Perkins, fourn . Soc. Chem . Ind., 1912, 
pp. 620-623). Butyl alcohol is stated to be an excellent “ Bum ” cure. 

Statistics.— In Germany in 1900-1901 the oil sold at 50 M. for 100 kilos, or 4) lbs. a shilling. 
By 1910 its price had risen to 170 M. per 100 kilos. In 1912 it was quoted at £140 a ton. The 
world's supply in 1912 was variously estimated at 3,500 to 6,000 tons annually, and until recently it 
was necessary to manufacture 1,000 parts of alcohol for every one of fusel oil. By Fembach*$ 
Fermentation Process it is stated that it can be produced in unlimited amount at £$$’£40 a ton. 
The United States in 1910 imported 4,954,000 lbs. (value, $598,000) of fusel oil, Russia supplying 
one-third of the quantity. No less than 450,000 gals, of amyl acetate are annually consumed in 
the United States for solvent purposes (nitrocellulose varnishes). 



VI.—VINEGAR, LACTIC ACID, BUTYRIC ACID 

By G. Martin, Ph.D., D.Sc. 

VINEGAR 
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For Acetic Acid see under Destructive Distillation of Wood. For Acetic Acid 
Bacteria see under Bacteria, p. 224. 

Vinegar consists of a weak solution (4-10 per cent.) of acetic acid in aqueous 
liquors prepared by the oxidation of alcoholic liquors by means of acetic acid 
bacteria, Bacterium accti\ many varieties of which exist, the best races being 
propagated by pure culture methods (see p. 231) and used for impregnating the 
alcoholic liquors to be fermented. 

The Bacterium accti will not grow in a pure aqueous solution of alcohol; they 
require, besides alcohol, the presence of nitrogenous matter and salts to serve as 
food. Consequently the starting-point in the manufacture of vinegar consists of 
an alcoholic liquor such as wine, beer, and alcoholic mashes generally. 

The bulk of English made vinegar is manufactured from malt, or a mixture of 
malt with grain and sugar. The malt or malt and grain is crushed, and heated in a 
mash-tun with water at a gradually increasing temperature until the starch is con¬ 
verted into sugar by the diastase in the malt, as described under Brewing, the 
resulting liquid being known as wort. 

Often the wort is obtained by the conversion process. The grain, usually 
rice or maize and free from malt, is treated with dilute H 2 S0 4 in a closed vessel 
termed a converter. The acid hydrolyses the starch to produce a saccharine 
solution which is then freed from acid by calcium carbonate, and the liquor 
separated from the precipitated calcium sulphate. 

The wort is now pitched with yeast and is aerated and kept at the right 
temperature so as to convert as much as possible of the sugar into alcohol. The 
subsequent strength of the vinegar depends largely upon the success of this stage, 
because all saccharine matter (also dextrincs) escaping the action of the yeast also 
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remain unattacked by the acetic bacteria. The resulting liquor, called gyle, and 
containing 6-7 per cent, of alcohol, is treated with the acetic acid bacteria, the 
alcohol being oxidised to acetic acid, thus:— 

C 2 H 6 0 4- 0 2 = CjHA + h 2 o. 

Alcohol. Acetic acid. 

Many other compounds are simultaneously formed, especially aldehyde, which 
is produced as an intermediate stage in the oxidation :— 

Cyi igO + o = c 2 ii 4 cr + n a o. 

Alcohol. Oxygen. Aldehyde. 

The acctifiers employed consist of a large wooden vat provided with a perforated 
false bottom and numerous holes in the sides for the admission of air. The 
interior of the vat is filled with basket-work (formerly beech shavings), and a 
rotating sparger is used for sprinkling the gyle uniformly over the material. 

Fig. 142 shows a section of the upper portion of an acetifier. The gyle, 
impregnated with acetic acid bacteria, is pumped from the bottom of the vat and 
discharged into the funnel at the top, which is boxed in to prevent loss by 

evaporation. The liquid flows 
down the tube o, enters the 
sparger r, which revolves on the 
pivot s. In the arms of the 
sparger are a number of small 
holes through which the liquid 
rushes, thus causing the sparger 
to revolve steadily and uniformly 
sprinkle the surface of the 
basket-work. The acetic bac¬ 
teria multiply on the surfaces 
of the basket-work, generating 
heat and rapidly oxidising the 
alcohol as it passes over them. 
A thermometer inserted through 
a hole in the side of the acetifier 
ndicates the temperature within. 

According to Mitchell (sec above) 
Fig. 142.—Section of the Upper Part of the species of acetic bacteria most used 

Modern Acetifier. in England are most active at 105° F. 

. ~ . ..... , ,, rr , , T . (40.6 w C.) and flourish well at no* F. 

(After C. A. Mitchell. See A nmvletlgt, June l 9 u.) £3.3- c \ The bacteria used on the 

Continent aie seldom worked above 
95° F. 

For successful working the conditions are: (i) a regular and uniform supply of air to the 

bacteria ; (2) maintenance of the correct temperature in the acetifier. In the presence of too 

much air the bacteria oxidise part of the acetic acid to CO a , and the resulting vinegar is weak. 
On the other hand if too little air is supplied the bacteria unite together into a slimy mass (mother- 
of-vinegar) by the swelling and fusion together of their outside cellular membranes, thus converting 
themselves into a ‘‘zoogloeal form” and clogging up the acetifier with slimy masses which still 
further impede the entrance of air and stop uniform aeration. 

The finished vinegar flowing out at the bottom of the apparatus usually contains 
a very small percentage of alcohol, because unless some alcohol is present the 
bacteria attack the acetic acid, oxidising it further, thus occasioning a loss. The 
vinegar leaving the acetifiers is stored for some time in order to form the pleasant 
smelling esters to which vinegar owes its aroma. It is then clarified by filtration 
through fine sand or similar substance. As it leaves the filters the v negar contains 
6 per cent, acetic acid and upwards. It is diluted to the proper strength and sent 
out to the trade. 

A “24” vinegar contains 5.5 per cent, of acetic acid, and upwards. Weaker vinegars are 
known as “22,” “20,” “ j8,” and u 16,” the latter of these containing 4.1 per cent, of acid. The 
numbers originally referred to the number of grains of sodium carbonate required to neutralise the 
acid in one fluid ounce of the vinegar. 
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A very cheap vinegar containing 3.5 per cent, of vinegar is sometimes sold under the name 
“Diamond.” usually, however, vinegars contain more than 4 per cent, of acetic acid. The yield 
of acetic acid is usually about 70*80 per cent, of theory, the loss of acidity due to evaporation of 
die alcohol and destruction of acetic acid (due to irregular aeration) ranging from 10-20 per cent, 
and sometimes, in faulty apparatus, even to 30 per cent. 

Cheap vinegars are sometimes “faked” by diluting distilled acetic acid (obtained 
from wood) with water to the proper degree, and colouring it with caramel or 
burnt sugar. Some vinegars are aromatised with fennel, caraway, and similar 
substances, others are coloured red, and some are even adulterated with dilute 
H 2 S 0 4 . 

Wine Vinegar is not manufactured in England on account of the absence 
of wine. On the Continent, however, it is an important industry. The wine 
(usually a sour kind of poor quality) is treated with acetic acid bacteria, and in 
the quick process is allowed to flow through vats containing beech shavings or 
basket-work as above described. The best wine vinegars, however, are made 
by the Orleans Process. Oaken vats, of 2-4 hi. capacity, and provided with 
air-holes in their upper parts, are placed in chambers kept at 2o°-25° C., and 
one-fifth filled with a hot strong wine vinegar; this partially soaks into the wood 
and deprives it of its woody taste. Next 10 1. of wine are added, and the liquid 
allowed to stand, usually after impregnating it with a small amount of a pure culture 
of acetic acid bacteria. The bacteria develop rapidly, covering the liquid with a 
film of slimy “ mother-of-vinegar.” The alcohol is oxidised to acetic acid, which 
sinks to the lower part of the liquid, the light alcohol accumulating gradually at the 
surface. After about a week another 10 1 . of wine are added, and the process 
repeated until the vat is half full. Then a third of the finished vinegar is withdrawn, 
and the addition of wine continued as before. Wine vinegar is much valued for 
its pleasant bouquet. 

Vinegar is used for flavouring meat, etc., and also for making white lead 
(which see). 

Statistics. — The English imports of Vinegar and Acetic Acid for table use: 1906, 
258,089 gals.; 1908, 459,502 gals. ; 1910, 212,696 gals. ; value in 1910= £13,400. The export 
was: 1906, 569,182 gals. ; 1908, 768,742 gals. ; 1910, 880,017 gals. ; value in i9io=£io5,»oo. 
The U.S.A. in 1910 imported 310,000 gals, (value $79,000), and exported 115,000 gals, (value 
$13,000). 

Acknowledgment. —I have to thank Mr Ainsworth Mitchell, B.A., F.I.C., for calling my 
attention to errors in the cut rent descriptions of the vinegar process, published in the older text¬ 
books. My best thanks are due to the editor of Knowledge for lending blocks. 
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Ethylidene lactic acid is now prepared on a large scale in America, Great 
Britain, and Europe. It is a rapidly growing industry—a result due to the recent 
introduction of pure cultures of the lactic acid bacillus into the industry. In 
England the industry has been in existence for nearly thirty years, being originated 
by Mr Avery by processes patented between 1881-1884. 
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In Germany up to 1895 no factory existed for the supply of lactic acid, all the 
lactic acid being imported from England. At the present time thirty factories have 
since come into existence, the largest being the Firm C. H. Bohringer u. Sohn in 
N. Ingelheim. This latter firm alone produces 500,000 kg. of technical lactic acid. 
In the United States the industry is an old and well-established one; thus so long 
ago as 1895 United States consumed 1,000,000 lbs. and exported 500,000 lbs. 
In 1896 the domestic consumption was 1,200,000, and the foreign 1,000,000 lbs. 

The manufacture is carried out by allowing the micro-organism known as 
Bacillus acidi lactici (of which there exist many races) to split up by fermentation 
a solution containing grape sugar, when the following change-takes place:— 

CO CIi 3 

I I 

{CIIOII) 4 - y 2CHOII 

(ill a 011 COOII 

x molecule devtrose. 2 molecules lactic a'-id. 


Avery’s Process 

Preparation of the Saccharine Solution. —The solution should have a 
sp. gr. of 1.05-1.075, and contain 7^-xi per cent, of glucose. It is advantageous 
to replace 10-15 per cent, of the glucose by cane sugar, which is progressively 
inverted by the lactic acid, and this continually furnishes fresh matter for the 
bacillus. The solution should contain nitrogenous food (not under 2 parts nitrogen 
to 100 parts sugar in vat) for the bacillus. An extract of vegetable albumen, made 
by extracting bran with boiling water and dilute acid, is very suitable; or mineral 
nitrates and ammonium salts may be used. 

Process of Impregnation. —The saccharine solution made up as described 
above is boiled for one hour to sterilise it, rapidly cooled between 55 0 C. and 
45* C,, run into the fermentation vat, and impregnated with the Bacillus acidi lactici 
In continuous manufacture the impregnation is carried out by running in 20 per 
cent, or more of a preceding fermenting liquor, in which a lively fermentation is 
in progress. But for the original impregnation a good culture of the lactic bacteria 
must be obtained by allowing milk to stand at 45 0 C. until slightly sour. A pure 
culture is usually obtained by impregnating previously sterilised milk, kept at 45° C., 
with a good lactic acid bacteria obtained from the bacteria in a ferment tank. The 
best variety of Bacillus acidi lactici is 2-2.5 P l° n g> and 1 /* in diameter. 

Process of Fermentation. —During the process of fermentation the tem¬ 
perature of the saccharine liquid is kept between 45 0 and 55° C in order to avoid 
the development in the liquid of butyric acid or alcoholic ferments. Since the 
Bacillus acidi lactici cannot flourish in solutions containing more than 1 per cent, 
of lactic acid, the acid as it is produced is continually removed by the addition of 
chalk dust suspended in water, in such proportion as to keep the lactic acid within 
the limits 0.02-0.5 per cent. If the neutralisation is carried too far, so as to lower 
the percentage of lactic acid below these limits, butyric acid fermentation may set 
in and spoil the yield. The fermentation should proceed vigorously and be com¬ 
pleted in three to six days when 98 per cent, of sugar is used up. The liquor, which 
is a solution of calcium lactate, is then heated sharply to kill all bacteria and spores, 
filtered from the dead bodies of the bacteria, and evaporated. Pure lactic acid 
may be obtained by repeated crystallisation of the calcium lactate; but a commercial 
lactic acid is obtained merely by decomposition of the uncrystallised solution by 
sulphuric acid. The free acid is filtered from the CaS 0 4 (which is practically 
insoluble in the dilute lactic acid) and evaporated to a 50 per cent, solution, when 
it forms a brownish syrupy liquid, of sp. gr. j.20, containing about 7 per cent, lactic 
anhydride. 
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German Methods of Manufacture. —The solution of grape sugar is 
always made from a mash of starchy material (maize, potatoes, rice, etc.) by 
treating with malt in order to convert the starch into maltose* just as in the 
manufacture of spirits. The lactic acid bacillus employed in the largest German 
factories is the Bacillus acidi lactici , Hiippe, forming short thin rods (6 /*. and 
more long), linked together in chains; it is sporeless. A pure culture of this 
bacillus is obtained by the ordinary methods of bacteriology from sour milk or 
cheese, using as growing medium a solution of 100 parts grape sugar, 1 part dried 
peptone, 0.2 part potassium hydrogen phosphate, 1 part sal-ammoniac, 50 parts of 
powdered chalk, and 600 parts of water. 

The fermentation is carried out, much as in Avery’s process, at a temperature 
of 45 0 ; but the time of fermentation is usually ten to twelve days. At the end of 
this time the absence of sugar is proved by Fehling’s solution, the mass is then 
made weakly alkaline with lime water, boiled, filtered, and evaporated to 15 0 B£., 
when the calcium lactate crystallises out and is filter-pressed away from the dark 
mother-liquors, which, united with the washings, are again evaporated to 15 0 B6. 
and allowed to crystallise, the black mother-liquors running to waste. 

The calcium lactate is purified by crystallising and decomposed by H 2 S 0 4 , 
filter-pressed from the precipitated CaS 0 4 , and the solution of the acid concentrated 
by evaporation. If a clear lactic acid solution is required, the warm solution of 
lactic acid from the gypsum filter presses is pumped into tall wooden or leaden 
cylinders filled with animal charcoal, left there for some hours, drawn off at the 
bottom, filtered through felt cloth, and evaporated to 50 per cent. acid. 

Chemically pure lactic acid is obtained by decomposing calcium lactate with 
zinc carbonate, whereby the sparingly soluble and easily crystallisable zinc lactate is 
obtained. The pure zinc lactate is then decomposed by H 2 S, filtered from the 
ZnS—a difficult operation rendered easier by adding animal charcoal, paper pulp, 
etc.—and evaporated in an enamelled vacuum apparatus; when clear, pure lactic 
acid is obtained. 

It is also obtained pure by distilling syrupy (26° Be.) commercial lactic acid 
with superheated steam at i40°-i6o° C. from a calcium chloride bath. At 140° C. 
acetic acid, butyric acid, etc., distils, then comes pure lactic acid or anhydride. 
The concentrated distillate is decolourised by sunlight, animal charcoal, etc. 20-30 
per cent, of the lactic acid is lost owing to the formation of lactic anhydride. 

Another method is to shake the lactic acid for twenty-four hours with three 
times its volume of ether in a glass balloon. The impurities settle on the walls of 
the vessel. The clear ethereal solution is then forced by means of compressed air 
into another glass balloon, is there decolourised with animal charcoal, filtered through 
paper or cotton cloth, the ether distilled over and used again, and traces of the 
ether in the acid removed by blowing in warm air. 

A proposed method (German Patent, 171,835) of purification is to convert 
the lactic acid into its ethyl ester (by boiling with ethyl alcohol and a little normal 
acid) and distilling in vacuo . The pure ester thus obtained is then decomposed by 
blowing through steam, the alcohol distilling over and the lactic acid remaining, 
being concentrated by evaporation. 

The pure acid costs five to six times as much as the commercial variety. 

Properties. —Pure anhydrous lactic acid, obtained by repeated rectification in 
vacuo , is a crystalline mass—M.P. i8 # C.; B.P. ii9°-i2o*. 

Commercial pure 75 per cent, lactic acid is a syrupy, clear fluid, containing 
8 per cent, lactic anhydride. 

Salts. —The calcium and zinc salts occur in commerce, forming a convenient means for transport 
of lactic acid. The iron salt is used medicinally. Antimony lactate is used to an increasing extent 
as a substitute for tartar emetic in dyeing and printing calico. Certain double salts of antimony 
lactate with alkalies, alkaline earths, and zinc salts are largely manufactured for the purpose under 
such names as Lactolin, Antimonin. For preparation see German Patents, 98,939, 136,135, 
148,069. 

The Titanium salts (German Patents, 136,009, 149 * 577 ) are used in dyeing leather. 
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Uses. —See above, under Salts. Lactic add, since its increased production and consequent fall 
in price, is used to a very Urge extent in dyeing wool as an assistant in mordanting with potassium 
bichromate. It is also largely used in tanning for removing the lime from the skin (J. T. Wood, 
/ww. Cham. 2 nd 1885, 27 et seq. ; F. Andreasch, Der Gerber\ 21, 506; 22, 513). It is used 
to a limited extent in spirit manufacture for souring the yeast in order to prevent the development of 
injurious fermentation. 

Statistics. — German Imports: 1909, 30 dz.*; 1908, 20 dz. Exports: 1909, 10,470 dz. j 
1908, 9,720 dz. 

The English exports are very considerable, but owing to the haphazard way the materiaU 
exported are classified no information is obtainable from the Custom House returns. . 


BUTYRIC ACID 

Normal butyric acid, CH 8# (CH 2 ) 2 ,COOH, is usually obtained in a similar manner 
to lactic acid (above described) by fermentation of sugar or starch in the presence 
of calcium carbonate. Formerly the fermentation was effected by adding to the 
solution small amounts of decaying cheese, and keeping the solution at 25°-35° C. 
Now, however, the liquor is usually impregnated with pure cultures of butyric acid 
bacteria. According to Fitz (“ Ber.,” u, 49, 53) cultures of Bacillus subtilis and 
Bacillus boocapricus are especially efficient. The calcium butyrate resulting from 
the fermentation is transformed into the sodium salts by treating with Na 2 CO #f 
and the butyric acid liberated by H 2 S 0 4 . The butyric acid is separated by fractional 
distillation from acetic or caprionic acids, which are usually found present in small 
amount. By converting the acid into the ethyl ester, fractionating this, and again 
regenerating the acid by hydrolysis, the chemically pure acid may be obtained. 
Oily liquid, with an unpleasant, rancid smell—B.P. 162* C.; M.P. - 7.9* C.; 
§p. gr. 0.978. 


• X dz. as 100 kg. =about ^ too. 




SECTION VI 

The Charcoal and Wood-Distilling Industries 

INCLUDING THE 

Manufacture of Methyl Alcohol, Acetone, and Acetic Acid 
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Fig. 143.—Charcoal Kiln, with Depression 
on Floor for Collecting Wood Tat. 


The preparation of wood charcoal by burning wood in a 
supply of air insufficient for complete combustion is a very 

old industry which is 
still carried out to some 
extent in countries rich 
in wood —such as in the 
Harz, Steiermark, 
Sweden, Finland, 
Russia (Ural), etc., and 
the charcoal so obtained 
is much valued as a fuel, 
since it is free from sul¬ 
phur and leaves little 
ash when burned. The 
charcoal is also used for 
making gunpowder, for 
purifying spirits, for 
packing in refrigerators, 
and for other purposes as 
well. 

The operation is carried out 
in “Metiers” or “Kilns”: 
the wood is piled symmetrically 
round a central narrow shaft, 
and the wood is covered with 
a layer of charcoal, earth, and 
twigs. The wood is lighted in 
the middle at the bottom. A part 
of the wood burns, and the heat 
thus produced reduces the rest to charcoal. The charring proceeds from the 
centre outwards, and the volume of the wood diminishes. Holes are finally 
made in the external covering in order to conduct the combustion in any 
required direction so that all the wood may be completely charred. The 



Fig. 144.—Charcoal Kiln, 
Ordinary Type. 



FlO. 145.—Meyer* s Large Kiln for Wood Charring, showing Appliances for Sucking off and Condensing the Vapours. 
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air supply must be so regulated that an actual Jlame never appears. The burning may last a week 
or more, ioo cub. yd. of dry wood yield 50-75 cub. yd. of charcoal. 100 parts by weight of wood 
containing 25 per cent water yield 20-28 parts of charcoal containing 89-90 per cent. C, 1-2 per 
cent. II, 2-4 per cent O, 2-11 per cent, water, and 3 per cent. ash. 

In Sweden, Russia, and U.S. America, a considerable amount of wood tar is obtained by 
burning in this manner, or in masonry kilns. Depressions are made in the floor of the kiln under- 



Kir.. 146.—Small Retorts for Wood Distillation. 

(K. II. Meyer, llannover-IIainholz, Germany.) 


neath the layer of wood (Fig. 143). ~ The tar flowing from the heated wood into these passes out 
by a channel into a vessel outside the kiln, and is there collected. 

Freshly made charcoal is spontaneously combustible and very hygroscopic. Its calorific value is 
about 7,000 calories. In this process all the valuable volatile products are completely lost. 

F. H. Meyer (Ilanover) has designed large kilns (Fig. 145) with appliances for sucking off 
vapours, and thus gaining a large yield of volatile distillates. That shown in the illustration takes 
300 cub. m. of wood with a working time of twenty da)s. 



Fig. 147.— Large Horizontal Retorts for Wood Distillation, showing Wire Cage on Rails. 
(F. II. Meyer, Ilannover-Hainholz, Germany.) 


Destructive Distillation of Wood from Closed Retorts 

The advantage of this process is that it allows the recovery of all the volatile 
products. The disadvantage is that the retorts are necessarily restricted in size, and 
consequently will not take in much wood at a time. The yield of charcoal and 
distillate depends very greatly both upon the nature of the wood and the manner in 
which the distillation is carried out Thus if the heating be carried out rapidly in 
small retorts and at a high temperature, much gas and little charcoal is produced* 
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also little acetic acid and tar; while heating slowly in larger retorts increases the 
yield in oils and acetic acid and charcoal, but diminishes the yield of gas. Attaching 
the retorts to a vacuum pump during the process of distillation considerably increases 
the yield of volatile products. 100 parts air-dried wood yield on distillation:— 


Beech '/slowlySeated 
l quickly „ 
r\„ 1, j slowly heated 
° ak 1 quickly „ 
tjj l J slowly heated 
B,rch 1 quickly „ 

n; _ f slowly heated 

Pinc j quickly „ 



Stolze obtained the following numbers as the 
carbonisation:— 

result of slow and very careful 

too lbs. 

Charcoal. 

Tar. 

Wood 

Vinegar. 

Wood 

Vinegar 

containing 

Acetic 

Anhydride. 

Gases. 

Cubic Yards. 



Especially worthy of remark is the small percentage of acetic anhydride in the wood 
vinegar from the pine and fir, and the large amount of gas yielded by fir. This explains 
why distillers of yellow pine seldom save the pyroligneous acid or wood vinegar. 
The tar of the pine and fir contains a considerable amount of turpentine oils. 

Fig. 146 shows a plant for wood distillation designed by the firm F. H. Meyer, Hannover- 
Hainholz. It consists of two iron cylinders a and it each about 3 m. long and 1 m. diameter 
embedded in masonry and heated by means of a fire c placed intermediately between them. The 
hot gas and flame from the fire circulate round the retorts and slowly char the wood. The non¬ 
condensible gases coming over with the products of distillation pass from the condenser g through 
the tube hi and are burned as fuel under the retorts. The temperature is initially kept as low as 
possible. Up to 150° C. the distillate consists principally of water; between I50°-28 o° C. the 
bulk of the acetic acid and methyl alcohol comes over; above 300° C. tar distils. The gas escaping 
consists at first mainly of C 0 2 ; at a higher temperature CO, CH 4 , [and II 3 gas comes over. 
Heavy gaseous hydrocarbons are hardly produced at all as with coal. The gases burn with a 
pale non-luminous flame. Immediately connected with the retort is a wide tube e leading to a 
tar separator, followed by a coil of copper tubes f, cooled by water in a tank. Here the liquid 
distillate condenses and can be run off into a suitable receptacle. 

The non-condensible gases from the retort first pass a hydraulic seal (as in gasworks) g —to 
prevent the flame striking back—before passing along hi to the furnace. 

The wood, cut into pieces of a suitable length ana thickness, is placed in the retort by means of 
a wire-work cage, which slides in and out of the retort. In larger retorts the wood is placed in 
wire cars mounted on wheels, which run on rails in and out of the furnace. Fig. 147, which 
represents a modern plant manufactured by F. H. Meyer of Hannover-Hainholz, Germany, shows 
the most general type of retort, which is used in large works both in America and on the Continent, 
and which is rapidly replacing the oven system. Sometimes a steam exhauster is attached to the 
outlet from the retort, whereby the yield of acetic acid is considerably increased, since the volatile 
vapours are thus sucked out from the retort before they have been decomposed by the hot walls and 
high temperature. Dry wood gives the best results. 

The distillation lasts twelve hours. The charcoal is withdrawn in closed iron-plate cylinders 
and is allowed to cool. 

*4 
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Fio. 148 —Vertical Retort. 

( 1 . IT INKscr, IHnnjver llunhol/, Germain 


When pine wood or fir < ontaming much resin has to he distilled, usually ^ertual 

work than hon/ontal retorts. 

Grdndal’s Tunnel 
Kiln for Charring 
Wood (German Patent, 

112,932, 1 8 th July 1899). 
f I he Iron and Steel Institute 
of Sweden in 1904 judged 
this system to be the best in 
use at that time; it is used 
at Pitkaranta in Finland. 
It consists of a masonry 
tunnel 66 m. long, divided 
into several compartments 
by dampers or doors of iron 
. a Tka firct rnmmrtment. 4 S m. long, is the entrance chamber. Next 

on raiMoaded^with »0<S an 1« draw,! through the tunnel. The cent™! 



FIG 149 —Vertical Retort for Pine Wood, showing 
Outlet Tulie at bottom for Melted Resins 
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charring chamber’’is really a sort of muffle furnace, heated by the hot gases of 
a furnace placed beneath the tunnel, the flames pass through earthenware or iron 
tubes running round the interior of the chamber between the walls and the trucks, 
so that the temperature is kept continuously high enough to completely carbonise 
the wood. No gases from the fire, however, actually enter the chamber and come 
in contact with the wood. The volatile products from the wood escape through 
pipes in the roof and are condensed in the ordinary way, as in the retort system. 
The tar in the wood drips from the cars on to the floor of the furnace, and runs 
into depressions placed in the floor at intervals, thence escaping through pipes to 
tanks placed on the outside of the furnace. 

The wood, cut up into suitable slices, is loaded into wire-cage trucks and is 
placed in the furnace as follows: First the outer door of the entrance chamber is 
opened and a truck run in—the chamber being just big enough to hold it—and 
the door is shut. Then all the sliding doors between the two entrance chambers 
are opened, and the whole row of trucks inside (filled with wood) are drawn through 




Fig. 150.—Grondafs Tunnel Kiln for Charring Wood. 


a waggon length by means of a winch placed outside the furnace. Consequently 
the last waggon in the furnace, which contains the charred wood or charcoal 
ready to be removed, is drawn into the last entrance chamber, while the fresh 
wood truck is drawn from the first entrance chamber into the central charring 
chamber. The furnace thus works, practically, continuously. Every hour a truck 
of wood is drawn into the furnace at one end, and simultaneously, at the other end, 
a truck of charcoal is withdrawn. The yield is stated to be less with this furnace 
than by other constructions, but it is very suitable for countries rich in wood and 
needing much charcoal. 


Steam Distillation of Wood before Charring 

Occasionally pine or fir wood rich in turpentine or resin is steam-distilled with 
saturated or superheated steam before carbonising, in order to recover the turpentine 
oil. The steam from a boiler passes through a superheater, and then in succession 
through two or more retorts. The melted-out liquid resins flow away from the 
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floors of the retorts, while the distilled products pass over to a condenser. Tile 
wood is left dry—using superheated steam—and is then charred in the usual way. 

Before charring the wood is sometimes extracted with solvents to recover rosin 
left in the wood; see under Turpentine Industry, p. 338. 

Distillation of Sawdust and Wood Waste 

Sawdust is difficult to distil in ordinary retorts owing to the fact that, it is an 
extraordinarily bad conductor of heat—so that the outer portions char before the 
internal layers are scarcely hot. Moreover, the charcoal formed is of little value 
since it will not form a coherent mass. Various devices are used, such as revolving 
iron retorts, through the interior of which flames play. Halliday’s apparatus, much 
used in England, consists of a cylinder with a feeding screw, placed in a furnace. 
According to the speed with which the screw is driven, the wood can be exposed 
for a shorter or longer time to the action of the heat. Thus, as large as possible 
a yield of acetic acid is obtained (Fig. 151). 

WOOD TAR AND PYROLIGNEOUS LIQUOR 

The liquor distilling over from the retorts in which the wood is being carbonised 
separates out into: (1) Wood Tar, (2) An Aqueous Layer called Pyro¬ 
ligneous Liquor (or crude 
wood vinegar). 

Some very important improvements 
in the separation of tar from the pyro¬ 
ligneous acid were made by the firm 
F. H. Meyer, Ilannover-Hainhoiz, in 
1904 (see German Patents, Nos. 189,303 
and 193,382). To effect a technically 
complete separation of tar from the 
pyroligneous liquor, they attach to the 
retorts a special condensing apparatus 
(Fig. 152). The gases from the charring 
retorts enter at T and pass into a cham¬ 
ber A which is heated to a suitable tem¬ 
perature by the live steam coil c . In 
A the bulk of the tar condenses together 
with some acetic acid. The latter, 
however, is again volatilised by the 
steam issuing from the coil c . The 
vapours—already relatively tar-free— 
rise up through a and pass into a successive series of chambers through bell capsules b t where a 
further condensation of tar takes place and the vapours passing through become still richer in acetic 
acid. The process is repeated in the successive chambers b, c, d, e, and the vapours finally 
escaping from E are practically free from tar, and on condensation and neutralisation with lime, 
directly yield grey 82 per cent, acetate of lime. The separated tar, pouring down through the 
tubes a, a, a , runs away at the base through a special outlet. 



Fig. 151.—Hallid&y's Apparatus for Distilling 
Sawdust and Wood Waste. 


Wood Tar 

Treatment of the Wood Tar. —The wood tar is run off from the aqueous 
layer of pyroligneous liquor and specially worked up. It contains an enormous 
number of substances, such as paraffins and other hydrocarbons, high boiling 
phenols and their esters (but only a small amount of phenol, C„H t OH), such as 

paracresol, guaiacol, C 0 H 4 / , kreosol, C 6 H 8 (CH 8 )/ , pyrogallic esters, 

HJCrig X)CH 8 

fatty acids and esters, and pitch. 

Pine-Wood tar contains much turpentine. 

Beechwood-Wood tar is especially rich in guaiacol and kreosol. 

The so-called “ Stockholm Tar ”—principally from pine wood—is much valued 
as a preserving paint for ships, roofing, masonry, etc. 
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Distillation of Wood Tar. —Wood tar is distilled in a manner similar to 
coal tar, using the same precautions against boiling over. It is then separated 
into Light Tar Oils, Heavy Tar Oils, and Pitch. The Light Tar Oils are 
used much in the same way as Benzine. The lighter oils from pine tar are 
known as “Pine Oil,” and are especially rich in turpentine; it is largely used 
for making paints, varnishes, and lacs. The more mobile part of birch tar, 
known as “ Birch Tar Oil,” is used in finishing Russian leather. 

The Heavy Tar Oils (oil of pitch) are largely used in pharmacy and for 



r>w Outlet 


impregnating wood, etc., being more suitable for the latter purpose than the corre¬ 
sponding oils from coal tar. 

A Creosote is obtained from beechwood heavy tar oils by extracting with 
caustic soda solution, and precipitating with C 0 2 or acid. 

This creosote boils between 2oo°-22o° C., has a sp. gr. 1.07, and has a strong 
smoky odour. It consists principally of guaiacol and kreosol, and is used: 
(1) In the “quick smoking” process for ham, fish, etc.; (2) as an antiseptic in 
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medicine, being considerably less poisonous than phenol; (3) in medicine, 
especially for coughs, colds, consumption, etc. etc. Some of the ‘‘Pine Tablets,” 
etc., placed on the market consist largely of these substances. 

Pure Guaiacol, C 6 H 4 (OH)(OCH s ) (1 12), isolated by means of its potassium or barium salt, is 
obtained in large colourless needles, B.P. 205° C. It is also produced synthetically, e-g-, by heating 
pyrocatechin with KOII and potassium methyl sulphate to 180 0 C. 

Wood pitch, the residue left in the still, is mixed with coal tar or colophony 
asphalt, and sold for shoemaking. 

Statistics. —England imported (principally from Russia) in 1910 about 279,600 cwt. of 
wood tar, of value £87,500. The United States in 1910 imported 1,018 barrels (280 lbs. to the 
barrel) of tar and wood pitch. 

Pyroligneous Liquor or Crude Wood Vinegar. 

The aqueous layer of pyroligneous liquor separated from the coal tar (above, 
p. 328) contains about 10 per cent, acetic acid, 1-2 per cent, methyl alcohol, 
o. 1-0.5 P er cent, acetone, as well as small amounts of propionic, butyric, formic, 
and other acids, methyl acetate, ally! alcohol, furfurol, phenols, amines, ketones, 
etc. Suspended or dissolved in the aqueous fluid occurs about 10 per cent, of 
tarry matter. 

Treatment of the Pyroligneous Liquor. —The liquor is distilled in ordei 
to separate the acetic acid, methyl alcohol, and tarry matter. The crude wood 
vinegar is placed in a vessel and boiled by means of a steam coil. The distillate 
passes in succession into two boilers, each charged with milk of lime. Here the 
acetic acid is fixed by the lime forming calcium acetate, while the methyl alcohol, 
passing on, is fractionated and condensed in a still. Any methyl acetate distilling 
is saponified by the lime into methyl alcohol and acetic acid. 

A great saving in fuel, steam, and space is effected by F. II. Meyer’s system (German Patent, 
193,382) of distilling the pyroligneous acid in multiple evaporators in vacuum. 

Manufacture of Acetate of Lime.— The contents of the boilers con¬ 
taining excess of lime and calcium acetate (which is in solution), are run off 
filtered, the solution evaporated with continual stirring in steam-heated copper 
pans. The tarry matter rising to the surface is skimmed off through a sliding 
door. When the specific gravity reaches 1.116, the calcium acetate separates as a 
thick paste, which is removed and spread on flat iron pans to be dried, continually 
stirring the while with iron shovels. The “grey” acetate contains 80-82 per cent, 
calcium acetate and 20 per cent, water (from which it cannot be freed without 
decomposition). 

Uses. —As a source of acetic acid, acetates, and acetone. Used in Waterproofing, p. 526. 

Statistics.— The export of acetate of lime from the United States is shown by the following 
figures: 1906, 31,000 tons; 1910, 28,000 tons; value in 1910, $1,423,000. 

The English import of acetate of lime (almost entirely from Canada and the United States) in 
1910 amounted to 4,300 tons (value £42,000). Germany produces about 10,000 tons. 


Manufacture of Concentrated or Glacial Acetic Acid 

4 * 

S. Mierzinski. —“Die Industrieder Essigsaure u. d. essigsaueren Salze.” Leipzig, 1905. 

Glacial acetic acid is now manufactured almost entirely from the crude grey 
calcium acetate obtained from wood distillation plant (see above). 

The method adopted is to decompose the calcium acetate with concentrated 
sulphuric acid, when acetic acid of 70-75 per cent, distils over mixed with SO* and 
other gases. 100 parts 80 per cent, calcium acetate are placed in cast-iron boiler 
provided with powerful stirring apparatus and heated by steam. About 60 parts 
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of 66 per cent, sulphuric acid are slowly run in and the distillation carried out in 
a vacuum (see Lindes 1 German Patent, 92,418, 29th November 1894). The acetic 
acid distilling over is condensed in copper or earthenware tubes, while non- 
condensible evil-smelling gases pass on and are led into the furnace. A considerable 
amount of S 0 2 escapes while part remains dissolved in the acetic acid. A mass 
of calcium sulphate mixed with charred carbonaceous matter remains in the boiler. 
The crude 70-75 per cent, acetic acid thus obtained (containing o.r per cent. S 0 2 ) 
is then fractionated from copper (or chamotte-plated cast-iron) boilers, using a 
columnar condenser as in spirit distillation. 

The still is heated with steam and is coated internally with chamotte plates (since acetic acid 
in the presence of air attacks copper). The vapours pass out into a rectifying column, usually 
constructed entirely out of porcelain or other acid-fast material, the outer casing being, however, 
of copper. In a water tank at the top of the rectifying column lies the dephlegmater (sec under 
Spirit Distillation), which dephlegmates the dilute acid coming over at first. Later, when the 
pure acetic acid distils, the dephlegmater is disconnected. The first runnings consist of dilute acetic 
acid containing S 0 2 , then the bulk of the practically pure acetic acid distils over, followed finally 
by heavier homologous acids, such as propionic and butyric acid. The glacial acetic acid is finally 
purified by adding potassium permanganate and rectifying, using silver condensing coils. 

The Chem . Fabrik Rhenania (German Patent, 117,539, 8th March 1898) obtains a very pure 
90 per cent, acid by decomposing calcium acetate by means of sodium polysulphatc, NaH 8 (SCh) a 
(obtained as a by-product in manufacturing nitric acid, German Patent, 106,962, 8th March 1898), 
using a reflux condenser, when the reaction— 

3 Ca(C a I !,()*)„ + 2 NaH 3 (S 0 4 )., = 3 CaS 0 4 + Na 2 S0 4 4 6 CH 3 .COOII, 

takes place. The product is free from TIoSO,, and S 0 2 , and needs only rectifying once. 

E. A. &* J, Behrens (German Patent, 121,199, 6th October 1899) dissolve the commercial 
82 per cent, dry calcium acetate in 60 per cent, acetic acid, and add the theoretical amount of 
92 per cent. I f 2 S 0 4 . The CaS 0 4 precipitating abstracts the water from the acetic acid 
(CaS 0 4 + 2 lI 2 0 = CaS 0 4 . 2 H 2 0 ), and the whole mass becomes solid, when the concentrated acetic 
acid is pressed over in the cold, or simply distilled. 

Properties. —Pure 100 per cent, glacial acetic acid melts at 17 0 C., boils at 
118° C. ; technical glacial acetic acid contains 96 99 per cent, of acid. The pure 
acid should not decolourise potassium permanganate. On diluting with water the 
specific gravity increases, attaining a maximum density with an 80 per cent, acid; 
thereafter it diminishes, as the following table shows :— 


Acetic Acid. 




Sp. Gr. 

15/4-c. 

Acetic Acid, 

Weight 
per Cent. 




Weight 
per Cent. 

IOO 

• 


• 

* I-OS53 

40 - 

90 

• 


- 

* I .0713 

- I .0748 

30 - 

80 

- 


• 

20 

70 - 

• 



- I-Q733 

10 

60 - 




- 1.0685 

0 

50 • 




- 1.0615 



Sp. Gr. 
15/4’ C. 

I-0523 
1.0412 
I.0284 
I.OI42 
O.9992 


Statistics. —Germany produces about 10,000 tons (at 550 m.) annually, 3,000 tons of which go 
in the manufacture of synthetic indigo (see this). England in 1910 imported 4,500 tons (value, 
£88,000). 


Uses. —Largely used in j coal-tar colour manufacture. The manufacture of synthetic indigo 
alone uses up over 3,000 tons yearly. The preparation of mordants—such as aluminium acetate, 
iron acetate, chromium acetate, copper acetate—for the cloth-dyeing and printing trades uses up 
very large amounts of acetic acid. The great value of acetate mordants lies in the fact that the acid 
is volatile, and on steaming escapes, leaving behind the sesquioxides of the metals. They are usually 
produced in solution in the dye vats by decomposing lead or calcium acetate with the sulphates of 
the required metals, the lead or calcium being precipitated as sulphate. 

Crude acetic acid is used for smoking meat and fish. Pure acetic acid from wood is also used 
largely in Germany and France as a table vinegar, being flavoured for the purpose by digesting 
with certain aromatic herbs, such as fennel, being sold in a 70 per cent, solution as “Essence ol 
Vinegar.” See also Vinegar, p. 317. 

Salts 


Lead Acetate, “Sugar of Lead,” Pb(€^302)2-3^0, is obtained by dissolving litharge, 
PbO, in crude acetic acid or vinegar. The aqueous solution takes up more lead oxide forming 
basic acetates. Crystallises well. 
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Calcium Acetate, Ca(C a IL 0 a ) 2 .IL 2 0 , is an easily soluble body, but forms crystals with 
difficulty (see p. 330). 

Sodium Acetate, Na(C 2 H 2 0 2 ). 3 H 2 0 , forms an easily soluble crystalline salt. 

Copper Acetate (Verdigris), Cu(C 2 IT s 0 2 )o. IT 2 0, used as a paint (see Pigments). 

Iron Acetate solution is obtained by dissolving scrap iron m crude acetic acid. Used as a 
mordant. 

For Esters of acetic acid see under Alcohol Preparations. 

Monochloracetic acid, CH 2 Cl.COOH, M.P. 62°, is now prepared on a 
very large scale for the manufacture of synthetic indigo, by passing chlorine through 
hot glacial acetic acid in the presence of acetic anhydride. 

Methyl Alcohol, Wood Spirit 

The crude methyl alcohol collected during the distillation of the pyroligneous 
liquid (sec p. 330) contains about to per cent, methyl alcohol. It is rectified over 
milk of lime in a columnar still, and is thus placed on the market as 80 per cent. 
“Crude Wood Spirit”; this contains as impurities allyl alcohol, acetaldehyde, 
formaldehyde, furfurol, methylethylketone, acetone, amines, pyridine, etc. 

It is purified by diluting to 30-40 per cent., adding milk of lime (20-30 1 . to 
every 1,000 1. of spirit), and carefully and slowly rectifying from large columnar 
stills for several days. The fust runnings contain 8-60 per cent, acetone, and some 
allyl alcohol; while the final fractions contain high boiling ketones, and are known 
as “ wood oil”—a practically valueless by-product. The intermediate fractions 
consist of nearly pure methyl alcohol, which is obtained practically pure by again 
diluting with water, adding some NaOH, and rectifying. Last traces of acetone 
may be removed by distilling over bleaching powder, which converts the acetone 
into chloroform, but at the same time destroys some of the methyl alcohol. Dark- 
coloured, sharp-smelling impurities are often removed by filtering through wood 
charcoal. 

Properties. —Pure methyl alcohol, CHgOH, boils at 66° C., has sp. gr. 0.80, 
and has a faint, spirituous odour. Taken internally it intoxicates, but is too dear 
for use as a spirituous liquor. 

Uses. —Pure acetone-free methyl alcohol is much used in the colour industry 
for making dimethylaniline, methyl chloride, CH 8 C 1 , methyl bromide, CH B Br, and 



Fio. 153.—F. H. Meyer’s Apparatus for Manufacturing Acetone* 








































DISTILLATION OF WOOD 


333 


other methyl compounds. Crude wood spirit containing acetone and other 
impurities has a sharp, aromatic smell and taste, and is used for denaturing alcohol 
(thus producing “Methylated Spirits”) as well as for varnish making, French 
polishing, etc. 

The source of methyl alcohol is invariably wood. The amount of acetone it 
contains is determined by the Iodoform Test. (See Acetone.) 

Statistics.— Germany in 1905 imported 4,770 tons at 700 m. from North America and 
Austria. England in 1910 imported 448,500 gals, (value, £47,000), of which no less than 
400,000 gals, came from die United States. The export of wood alcohol from the United States 
is shown by the following figures: 1906, 780,000 gals.; 1907, 2,150,000 gals.; 1908, 1,959,000 gals.; 
1909, 1, 100,000 gals. ; 1910, 1,329,000 gals. ; value in 1910, $582,000. 

Acetone, Dimethylketone, CH 8 .CO.CH 8 , is a clear, mobile, ethereal-smelling 
liquid, boiling at 56.5° C., and of sp. gr. 0.797 at 15* C. Although it occurs in 
crude wood spirit it is seldom isolated from it, being used in the impure state for 
denaturing alcohol. Pure acetone is manufactured on F. H. Meyer’s system by 
heating crude calcium acetate to 30o°-40o* in perforated trucks placed in a retort 
(Fig. 153):—Ca(CH 8 .COO) 2 = (CH 8 ) 2 CO + CaC 0 8 . The volatile acetone vapours 
escape through a pipe and are condensed. There remains in the truck finely 
powdered CaC 0 8 , which is removed by opening the retort and running out the 
truck. The crude acetone contains homologous acetones and acids, as well as 
aldehyde, while CH 4 escapes. The acetone is purified by fractionating over lime. 
100 kg. of 80 per cent, calcium acetate yield 25-30 kg. crude acetone of 60-70 per 
cent. Tralles. 100 parts of wood yield about 1 part of acetone. 

Up to 1912 the sole source of acetone was the dry distillation of wood and the 
subsequent decomposition of calcium acetate. Owing to the modern use of wood 
pulp for paper, and "the consequent diminution in the supply of wood available for 
destructive distillation, coupled with the low yield of acetone (only 1 per cent, 
of the weight of the wood), the supply of acetone was not meeting the rapidly 
increasing demand, and so the price had been rising until in 1912 it reached ^89 
per ton. In that year A . Fernbach introduced his Fermentation Process for 
producing acetone from starch. Grain, potato, or other starchy mashes are 
inoculated with Fernbach’s culture, and allowed to ferment. The starch breaks 
down into higher alcohols (principally butyl) and ketones, of which acetone forms a 
considerable portion. The mashes are then distilled, and the acetone separated by 
fractional distillation. It is found that 15-20 per cent, of the starch is transformed 
into acetone. The crude starch acetone contained 78 per cent, pure acetone, 
11 per cent, of “Miscible Ketones,” and 11 per cent, impure acetone. The 
Synthetic Products Company of London propose to place the acetone on the 
market by this process at ^35-^45 per ton (see p. 314). 

Uses of Acetone. —Acetone is a valuable product employed for making 
chloroform (p. 378), iodoform (p. 380), and as a solvent for acetylene (pp. 401, 403); 
in making celluloid (p. 208), and synthetic drugs (p. 605). By far the greater 
quantity, however, is employed as a solvent for nitrocellulose in the manufacture 
of blasting materials and smokeless powders, such as cordite (see p. 639). 

For explosive manufacture the acetone must be free from all acid or aldehyde, boil at the 
correct temperature, and yield with iodine and caustic soda solution the correct amount of 
iodoform, according to the equation :— 

(CH 8 )gCO + 3 *a + 4NaOH = 3NaI + CHI, + Na(CgH 3 0 ,) + 3 H, 0 . 

Acetone (1 molecule). Iodoform 

(t molecule). 

Statistics.— The English import of acetone in 1910 amounted to 22,000 cwt., of value £57,000, 
The world’s supply of acetone in 1912 was estimated at 10,000 tons. 
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Oil of Turpentine, or Spirits of Turpentine, is derived from coniferous trees, 
especially from the pine, Pitius palustris , and P- Taeda, L., and from the Scotch fir, 
P. sylvestrisy L. Incisions are made in the bark of the trees, and the exuding 
viscid liquid is caught in vessels placed beneath the cut. The substance is then 
vacuum distilled in a current of steam. The volatile turpentine oils (forming about 
17 per cent, of the mass) distil over and are collected. There remains in the boiler 
the non-volatile colophony, which is run off. A modern plant is shown in the 
diagram, Fig. 154. 


The crude resin is placetl in a receptacle pro¬ 
vided with a wire-net filter. It is melted by means 
of heat supplied by steam passing through the 
double bottom with which the receptacle is pro¬ 
vided. Simultaneously a vacuum is set up in the 
still A by means of a vacuum pump. The melted 
resin is then strained through the wire netting 
and enters the still a through a . Here, under a 
vacuum of 15-25 cm. and at a temperature of 
I75 °-i 85° C., the volatile oils distil over. The 
still may be placed over a fire, but is shielded from 
its direct action. It is often heated by gas or 
merely by superheated steam. 

A steam coil cc containing superheated steam 
maintains the contents in ebullition, while at the 
same time a current of superheated steam is driven 
by means of the injector mn through the boiling 
oil. The volatile distillate condenses in. the copper 
coils immersed in the water tank c, and runs into 
the collecting tank D, which is connected with 
the evacuating apparatus; as i> fills the liquid is 

run off into another reservoir. When the distillation is finished the fluid colophony is run oft from 
the still A and allowed to solidify in suitable receptacles. 



Fig. 154.—Kramer & Flammer’s Vacuum 
Still for Rosin. 


The various turpentine oils consist of a number of isomeric hydrocarbons, 
Pinene, C 10 H 16 j B.P. iss‘-i6o* G, and of sp. gr. 0.85-0.87. The various brands 
are distinguished by their different degrees of optical activity. The three 
commercial grades are important:— 

1. French Turpentine, consisting principally of the terpene “ terebenthene 
dr laevopinene,” which is laevo-rotatory to polarised light. 
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2. American or English Turpentine contains the terpene, Australene, 

C 10 H 16 , which, as regards specific gravity, boiling point, and chemical properties, 
strongly resembles terebenthene, but is dextro-rotatory, 

3. Russian Turpentine, which contains the terpene sylvestrine and another 
pinene (see under Essential Oils). 

The oil of turpentine, after distilling, is washed with caustic soda solution to 
retain any rosin acids. It is then redistilled and sold as “rectified spirits of 
turpentine.” It then forms a water-white, mobile, light refracting liquid, of sp. gr. 
0.640-0.872, distilling between i56°-i7o° C. Exposed to air it absorbs oxygen and 
becomes resinous. 

Much turpentine is made in Russia by the destructive distillation of twigs and leaves. Turpentine 
being such an extremely important body, repeated efforts have been made to extract it from twigs, 
branches, and felled timber by various processes, such as superheated steam or solvents. One of 
the most promising processes is that in which the wood is heated to 325°«375° F. in a bath of 
rosin, washed pine tar, pine oil, soft pitch, or the heavy residuum remaining after the distillation 
of the lighter oils obtained from wood. The solvent extracts the turpentine and similar products 
from the wood, and is then drawn off from it and superheated steam is then blown through the hot 
rosin bath, thereby distilling over the turpentine oils. Wood so treated is especially useful for 
making creosoted timber or street paving blocks. Many modifications of the process are known. 
For some recent patents see English Patents, Nos. 4,355, 1903 ; 15,338, 1906; 0,831, 1907 ; 5,978, 
1909; 19,109, 1909; 29,886, 1909; 27,076, 1910. See also pp. 327-328. 

A great improvement in the rosin industry was effected by G. Walker in 1905. The turpentine 
is first extracted by grinding the wood and submitting it to the action of live steam in closed vessels, 
whereby the turpentine oil is carried over by the steam into a condenser and afterwards is refined 
and sold as wood turpentine. Next the wood is treated in a kind of Soxhlet extractor for the recovery 
of the rosin still in the wood. In an apparatus erected by Walker at Conway, S. Carolina, about 
200 barrels of rosin are produced per week, together with much turpentine. The process produces 
five times as much rosin and turpentine in twelve hours as the same quantity of wood produces in 
four years by the old method of boxing the trees, and so will probably supersede the older methods. # 

Turpentine is one of the best and most widely used solvents for resins and 
oils in making varnishes and paints. The disinfectant Sanitas is stated to be 
made by passing a current of air through Russian turpentine in the presence 

of warm water. 

Turpentine Substitutes (communicated by Mr Dancaster, B.Sc.).—The chief turpentine sub¬ 
stitutes are rosin spirit, shale spirit, petroleum spirit, and coal-tar naphtha. All these may be used 
as adulterants of real turpentine or as substitutes for the latter. Also the cheaper kinds are used to 
adulterate the dearer. These substitutes are frequently sold under fancy names such as “ turpen- 
tyne,” and “ turpenteen.” For Rosin Spirit, see below. For Shale Spirit, see p. 8 . For 
Petroleum Spirit, see p. 7. For Coal-Tar Naphtha, see p. 417. 

Rosin or Colophony, the residue left in the still after the turpentine oil 
has been removed, is one of the cheapest resins (see p. 349), occurring as a yellowish 
or brown brittle mass. It consists of a mixture of modifications of the anhydride 
of abietic acid,t C 20 H 40 O 2 . It is extensively used for making varnishes, soap, 
rosin oils, and for sizing paper, cotton, etc. It is stable at 150° C., but between 
25o°-3oo° C. it begins to 'distil, yielding rosin spirit and rosin oils (which see). 

The constants of rosin vary greatly with its source and quality; neutralisation 
value, 140-164; saponification value, 147-176; iod. value, 90180. 

Destructive Distillation of Rosin. —By carrying the distillation of rosin 
or colophony further than is required to separate turpentine oil, it is decomposed 
between 25o°*3oo° C., yielding a number of oils. 

The colophony is placed in a large iron still, capable of holding 50-70 barrels of rosin, and 
heated by direct fire. The still is connected with a suitable copper condenser and the operation 
takes about twenty-four hours. There finally remains in the still a coal-like mass. During the 
destructive distillation a considerable quantity of gas is evolved, which is led into the furnaces and 
burnt as fuel under the still. 


* See Pritchard, “Recent Developments in Wood Distillation,” /outyt. Sot. Chem . Ind., 1912 
41& 

f The formula of abietic acid is variously given by different writers. A common formula is 
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The first distillate is a pale yellow oil, known as rosin spirit, boiling between 
78*-25 o° C., and consisting of a complex mixture of hydrocarbons and oxygenated 
bodies, and somewhat resembling turpentine, for which it is sometimes substituted. 

The distillate is washed with sulphuric acid to remove alkaline impurities, and then with caustic 
soda to remove acid impurities. It is then redistilled. Refined rosin spirit is a colourless, light, 
volatile liquid of unpleasant odour. Its specific gravity varies from 0.876-0.883. On exposure to 
fhc air it evaporates, but a portion oxidises to a resinous solid, in the same manner, but to a lesser 
extent, as turpentine. The spirit consists of principally various hydrocarbons, among which 
amylene, C 8 H 16 , hexylene, C 6 H la , and heptine, C7IIJ2, have been found. When of good quality rosin 
spirit is the best substitute known for turpentine. Its composition, however—and therefore its 
quality—is very variable, and it frequently contains rosin oil, which prevents the proper drying of 
the paint with which it is used. It is sometimes adulterated with shale or petroleum spirit. 

Rosin Oil, produced by the destructive distillation of rosin, comprises the 
bulk of the distillate; B.P. 30o°-4oo° C.; sp. gr. 0.982-0.988; iodine value, 
ii2 0 -ii5°. Probably consists of a mixture of abietic acid, C^H^Og, phenols, 
and complex hydrocarbons, (C 10 H 16 ) n , boiling above 360° C. Rosin oil is used as 
an adulterant for olive oil, boiled linseed oil, etc., also as a lubricant for iron 
bearings. It unites with alkalis to form greasy bodies, the compound with lime, 
(i3C I0 H lc ).Ca(OH) 2 , being the commercial “ Rosin Grease.” 

Resin Oil is a pale yellow oil obtained after the turpentine is removed from 
the crude turpentine obtained by distilling wood ; B.P. 2oo°-2i4°. According to 
Harper [“Utilisation of Wood Waste,” p. 127 (1907)] it consists principally of 
turpi neol, c 10 h 17 oh. 

Statistics of the Turpentine Industry.—The English import of turpentine oil in 1910 was 
23,600 tons (value, £1,000,000). Of this quantity 18,000 tons came from U.S.A. The import of 
rosin was 75,000 tons (value, .£880,582). The United States of America produce yearly nearly 
£4,000,000 of turpentine oil and colophony. In 1905 Germany imported 26,200 tons of oil of 
turpentine and rosin oils (value, £1,000,000) and 73,540 tons of losin (value £500,000). 

The following figures show the magnitude of the United States export :— 



1906. 

191a 

Value in 1910. 

Rosin - - - - 

Tar, turpentine, and pitch 
Spirits of turpentine 

2,439,000 barrels * 

15,981,000 gals. 

2,144,000 barrels* 
40,000 „ 

15,5S8,000 gals. 

$ 9 , 753 .°°° 

148,000 

8,7So,ooo 


Acknowledgment. —My best thanks are due to Mr W. H. Stephens, A.R.C.S., 
for much information regarding recent processes for extracting turpentine; also to 
Mr Dancaster, B.Sc., chemist, L. & S.W. Railway, for information regarding 
turpentine substitutes, rosin spirit, shale spirit, etc. 


280 lbs. to the barrel. 
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APPENDIX 

NATURAL AND SYNTHETIC, CAMPHOR 


By G. Martin, Ph.D., D.Sc. 


LITERATURE 

For Patent Literature relating to Camphor, see Winther’s * ‘ Patente der Organischee 
Chemie.” 3 vols. 1877-1905. 

Camphor, C 10 H 1<s O, is contained in the ethereal oil of the camphor itree, 
Laurus camphora, of China and Japan. It is obtained by boiling the finely divided 
wood with water, when the camphor floats to the surface, and on cooling solidifies. 
Sometimes the wood is steam-distilled. It is refined by mixing with carbon and 
quicklime and subliming. 

Properties. —White crystalline solid, characteristic odour, burning taste, 
almost insoluble in H 2 0 , readily soluble in alcohol, ether, chloroform, etc. 
Sp. gr. 0.922-0.995; M.P. 175°; B.P. 204°. Tough, but may be easily powdered 
after moistening with alcohol. 


Isoborneol, or Borneol (Borneo, Sumatra camphor), is allied to camphor, 
and may be converted into it by oxidisation (see below). 


Uses of Camphor. —Principally for making celluloid (which see), also in 
Medicine, as a moth-preventative, in fireworks and night-lights. 

Synthetic Camphor. —Since Bredt established the con¬ 
stitution of camphor, numerous attempts have been made to 
produce it synthetically, and with considerable success. 

The starting point is pinene, C 10 H 16 , a terpene hydro¬ 
carbon, which may be obtained pure by the fractional dis¬ 
tillation of turpentine oil. 

Two main types of process for synthetic camphor manu 
facture exist, viz., those which proceed by converting pinene 
into a HC 1 derivative, and those which treat pinene with organic 
acids. 

1. Dry HC1 gas is led into dry pinene, and the white solid 
product pinenehydrochloride, Cj 0 H ir Cl, is isolated. The Cl 
atom is removed by heating with alkaline reagents, when a 
hydrocarbon, C 10 H, 6 , camphene, is obtained. This when 
treated with the lower fatty acids 4 - a little HC 1 , forms an ester of isoborneol and 
also (a little) of borneol, C 10 H lg O. Next the isoborneol and borneol is obtained 
from the ester by saponifying, and converted into camphor by gentle oxidation. 
The yield of camphor from solid pinenehydrochloride may amount to 95 per cent, 
of the theory. 



Camphor (Bredt). 
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The following scheme shows the main chemical changes which take place 


« 




Camphor. Borneol and Isoborneol 

(isomerides). 


The literature dealing with the chemical changes involved is enormous, and the number of 
processes patented for carrying out the various stages is very large. 

The first firm to manufacture synthetical camphor was the Chemische Fabrik auf Aktiett (vorm. 
Schering) of Berlin, who possess a whole series of patents. Other firms are following suit. Among 
the more important recent patents we may mention German Patents, 149,791, 153,924, 154,107, 
185,042 and French Patent, 349,896, 1904, which deal with the conversion of pinenehydrochloride 
nto camphene. The German Patent, 67,255 (expired 1901), of Bertram (conversion of camphene 
into the ester of isoborneols and borneols by neating with acetiq acid + a little concentrated 
HjS 0 4 below 50° C. and saponifying resulting ester with production of borneol and isoborneol) 
the most important one for the production of borneol and isoborneol from camphene. Other 
patents are German Patent, 178,934 (uses fatty acid salts or aromatic carboxy acids instead of acetic 
acid), English Patent, 5,549, 1904, and French Patent, 349,852, (1904), convert pinenehydro¬ 
chloride direct into borneol and isoborneol by heating it for ten hours at 120° in an autoclave with 
an alcoholic solution of NaOH + Na formate. 

The oxidation of borneol and isoborneol is covered by numerous patents, such usual agents as 
air, oxygen, ozone, chlorine, nitric acid, KMn 0 4 , etc. etc., being used. By treating camphene 
with oione, Richardson (English Patent, 3,555, 1896) and Nordheim (German Patent, 64,180) 
convert camphene directly into camphor with a yield of 80 per cent, theory. 


2. Pinene (or turpentine oil) is heated at ioo° C. for thirty-six hours with acetic 
acid, when borneol acetate is obtained (see Bouchardat and Lafont, Comp, rend , 
(1886), 102, 171). This on saponifying yields borneol and isoborneol, which are 
then converted into camphor by oxidation as before. 
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The yield is bad by this method : such products as limonene, dipentene, and others are generated 
from the pinene. Hence, although the method is extraordinarily simple, the methods comprised 
under (i) still hold the held. Repeated attempts have been made to improve the yield; for 
example, the German Patents, 175,097, 178,934 (Chemische Fabrik von Heyden), use salicylic 
acid instead of acetic, for heating with pinene; anhydrous oxalic acid is proposed in the American 
Patent, 698,761, and German Patent, 134,553— the yield amountin g to 35 per cent theory. 

The camphor monopoly, which the Japanese Government established after the 
annexation of Formosa, has been broken down by the manufacture of synthetic 
camphor. 

Statistics.— The United States in 1910 imported 3,027,000 lbs. (value $922,000) of crucV 
oamphor, and 477,000 lbs. (value $180,000) of refined or synthetic camphor. 


SECTION VIII 

Industrial Gums and Resins 
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INDUSTRIAL GUMS AND 
RESINS 


By J. Newton Friend, D.Sc., Fh.D 


LITERATURE 

For Rosin (Colophony) sec under The Turpentine Industry, p. 337. 

For Resins and Gums see And£s, “Die Harzproduktc.” Vienna, 1905. 

And£s. —“Gummi Arabicum.” Vienna, 1896. 

Cordenoy. —“Gommes, Rrfsines.” Paris, 1900. 

„ “ Plantes a Gommes et a R^sines.” Paris, 1911. 

FRIEND.— “ Introduction to the Chemistry of Paints.** Longmans & Co., 1910. 

Lutz.—“ Etudes chemique des Gommes.” 1895. 

Tschirch. —“Die Harze und die Harzbehalter.” Leipzig, 1006. 

Dieterich.—“A nalysis of Resins, Balsams, and Gum Resins.** London, 1901, 

It is customary to use the term “gums” and “resins” synonymously, but this is 
a mistake. Strictly speaking, gums are those exudations of trees and plants 
generally that are either entirely or partially soluble in water, yielding sticky masses 
from which they are precipitated on the addition of alcohol. They are, therefore, 
used in the preparation of the so-called water varnishes, and are introduced into 
distempers on account of their binding properties. Resins, on the other hand, are 
insoluble in water, but usually dissolve in organic solvents such as alcohol, benzene, 
and turpentine. Clearly, therefore, it is incorrect to include benzoin and the 
dammars amongst the gums, and equally wrong to classify gum arabic and gum 
tragacanth as resins. It is not always easy to draw a sharp line of demarcation 
between gums and resins, but for all practical purposes it is well to bear the above 
distinction between gums and resins clearly in mind. 

Broadly speaking, resins are brittle and lustrous. The Sierra Leone and Pebble 
copals are particularly good cases in point, being much prized by varnish manu¬ 
facturers, Few of the varnish resins possess any distinctive odour, benzoin con¬ 
stituting the main exception, its pleasant .aromatic perfume being familiar to all who 
have to deal with resins. 

For the preparation of clear and colourless varnishes the palest resins are in 
great demand, and therefore fetch the highest prices. This is one of the reasons 
why cheap varnishes are darker and less transparent than those for which a higher 
price is paid. 

We have already remarked that resins are soluble in organic solvents, but 
towards these reagents their reactions are both curious and interesting. Thus, for 
example, rosin and sandarac readily dissolve in alcohol, benzene, and turpentine, 
and are worked into varnishes with relative ease. Some of the other resins are 
insoluble in all the usual vehicles until after they have been fused by heat. This 
is true for the copals, and considerably enhances the difficulty and therefore the 
cost of manufacturing varnishes from them. As we shall see presently these 
peculiarities afford a very valuable means of identifying and distinguishing the resins. 

Statistics. —The following figures show the value of the various gums and resins imported into 
the United Kingdom :— 
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1906. 

1910. 

Value in 1910. 

Gum arabic. 

,, kowrie. 

,, lac-dye, seedlac, shellac, and sticklac 
Other gums and resins .... 

Cwt. 

77,000 

128,000 

82,300 

213,500 

Cwt. 

107,400 

157,000 

174,000 

223,200 

£176,000 

638,000 

6*7,600 

559,000 


The United Kingdom exported in 1910 about 27,000 cwt. of British-prepared gums (value, 
£68,000). 


The United States import of industrial gums and resins is given by the following figures 


- 1 

1906. 

1910. 

Value in 1910. 

Gum arabic. 

Chicle. 

Copal, kauri, and dammar 

Gambier or terra japonica 

Shellac -. 

Tragacanth . 

All other - - - • . • 

Cwt. 

36,200 

50,400 

182,600 

279,200 

140,000 

Cwt. 

48,000 

60,600 

262,100 

228,300 

262,500 

12,000 

$315,000 
2,547,000 
2,962,000 
1,256,000 
3,878,000 
310,000 
1,445,000 


The export (principally to Canada) was in 1910: Gum arabic % 2,000 cwt. (value $18,000); 
chicle^ 15,000 cwt. ($565,000); copal and kauri , 12,000 cwt ($165,000); gambler t 7,000 cwt. 
($41,000); shellac , 3,900 cwt. ($84,000); all other, $72,000. 


GUMS 

Gum Arabic or gum acacia exudes from many plants, chiefly varieties of 
acacias growing throughout Australia, Asia, and Africa. As practically none of it 
comes from Arabia the term Arabic is unfortunate. The gum is essentially the 
calcium and potassium salts of arabic acid, and, by the addition of hydrochloric 
acid and alcohol to the aqueous solution of the gum, a fairly pure specimen of 
arabic acid may be obtained as a white amorphous mass to which the formula 
(C 6 Hj 0 O 6 ) 2 H 2 O is usually given. 

Different specimens of the gum vary considerably in colour, the palest fetching 
the highest prices. Good qualities require only one and a half times their weight 
of water to effect their complete solution into a sticky mucilage of great value to 
stationers. Boiling with dilute sulphuric acid converts it into galactose. 

When starch is gently warmed with dilute hydrochloric acid it yields a sticky fluid 
known as British Gum or Dextrine which is used as a substitute for gum arabic. 
It is usually prepared commercially by moistening starch with 2 per cent, nitric 
acid, and, after allowing it to dry in the air, heating the product to 150° C. (See 
p. 184 for manufacture.) When boiled with dilute sulphuric acid it yields i-glucose. 

Gum Tragacanth is a different type of gum from the above, in that it is 
insoluble in cold water, and swells in hot water to a mucilaginous liquid that cannot 
be filtered. It is procured from several species of astralagus— a group of trees 
growing on the east of the Mediterranean. 

Chicle is a Central American gum obtained from the white sap of gum-producing 
trees. It is first allowed to oxidise, then melted in a special rough oven of native 
manufacture, and the product so obtained is flavoured with brown sugar, coloured 
with stains, slightly flavoured with various flavouring materials, and then exported 
chiefly to America for use as a chewing gum. 
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Tragasol. —This gum is very similar in all respects to the pharmaceutical gum 
tragacanth. It is mostly used as a binding material, and in America tragasol is 
often sold as Tragacanth. Said to be used for carrying colour. American import 
in 1910 was 1,183,000 lbs. (value $24,000). 

Gambier. —Gambier is an extract obtained from leaves and small branches 
which grow on the islands in the East Indies. In commerce it occurs in brown 
earthy masses, and is imported chiefly from Singapore. It is used in medicine as 
an astringent, and is also employed by tanners and dyers. 


RESINS 

The resins in common use are more numerous than the gums. We shall deal 
with them here in alphabetical order. 

Amber is one of the most highly prized and valuable resins, having been used 
from the earliest times for ornamental purposes. Amber is found on the shores 
of the Baltic Sea, and it is also dug out of beds or mines in Germany, Poland, and 
certain parts of America. It is occasionally found on the Norfolk coast in this 
country, and has been picked up as far north as Sandsend and Whitby in Yorkshire. 
Its occurrence on our coasts is, however, too uncertain to render a British^ amber 
trade possible. 

Amber is the resinous exudation of certain pine trees that existed ages ago, 
and are now probably extinct. At one time it must have been soft and viscous, 
for the remains of insects and vegetable matter are frequently found embedded in 
it. The largest piece of amber on record is that numbered amongst the roya. 
jewels at Berlin in Germany, and weighs no less than 18 lbs. 

As a varnish resin amber is very valuable, since it yields a varnish that offers 
a stout resistance to the action of the atmosphere. Unfortunately, however, its 
expense prevents its being used as much as would otherwise be the case. 

It may be taken as an axiom that all good things are liable to unworthy imita¬ 
tion, and amber is no exception to the rule. It is not infrequently adulterated 
with common rosin or colophony, and, in order to increase the deception, insects 
and organic matter are introduced into the mass. Fortunately, however, adultera¬ 
tion of this kind is readily discovered in a variety of ways. For example, whilst 
amber melts at about 6oo 8 -6i5* F. (3i6°-324° C.), the adulterated product has a 
much lower melting point. It is useful to remember that two pieces of genuine 
amber may be readily joined together after softening the ends in a solution of 
caustic potash, whereas no such fusion occurs with the fictitious product, or at 
any rate, only with difficulty. 

The name Animi is given to a pale resin found in Zanzibar. Like amber it is 
a fossil, being found embedded in the surface soil, covered with a reddish crust. 
When this is scraped off the characteristic “ goose skin ” appearance of the pure 
resin* is laid bare. It is an excellent varnish resin, and is used in the manufacture 
of the best quality of coach varnishes. 

A somewhat similar resin is collected by Arabs from certain trees direct, and 
goes by the name of “recent” or “virgin” animi. It is inferior to the true or 
fossil animi, and finds application in the manufacture of poorer qualities of varnish. 

We have already had occasion to mention Benzoin, or " gum Benjamin,” as 
it is frequently called, although, strictly speaking, it is not a gum. This resin is 
obtained from the Sty rax benzoin , a tree growing in Sumatra and neighbouring 
islands. The tree is cultivated from seed, and in about seven years’ time is ready 
for tapping. Each tree yields some 3 lbs. of crude resin annually, the product 
during the first few years being fragrant, soft, and pale. As the tree ages, however, 
the exudation becomes harder and too dark to be of service in varnish manufacture. 

The properties of benzoin are subject to considerable variation according to 
the districts from which it is obtained. Thus, the Siamese product is brittle and 
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possessed of the strongest odour; whereas that from Sumatra is somewhat greyer 
in hue, less odoriferous, and possessed of a higher melting point. 

Under the generic name Copal are included a large number of valuable varnish 
resins possessing a considerable variety of properties. Thus, some are soft, like 
the Manilla copal ; others are hard and lustrous, the Sierra Leone and Pebble 
copals being cases in point; Java copal has a milky appearance; and so on. 
The bulk of the copals are obtained from Africa and America. 

The various resina known as Dammars are found in India and the East Indies. 
Batavian dammar is used in the manufacture of coach and cabinet varnishes. 
Other varieties are known as white, black, sal, and rock dammars respectively. 

An entirely«different kind of resin from any hitherto mentioned is that known 
as Dragon’s Blood, which is obtained from the dragon tree (Calamus draco) in 
Eastern Asia. To this end the fruit is allowed to ripen and the resin with which 
it is then covered is collected and cast into rolls approximately a foot long and an 
inch in diameter. As its name implies, it is possessed of a red hue, and is used in 
colouring or staining varnishes the same colour. 

The term Elemi is generic like copal and dammar. The most important 
resin of this group, known as Manilla elemi, is obtained from the Canarium 
commune , a tree growing in the Philippine Islands. It finds application in the 
manufacture of varnish as a toughener. 

Gamboge is obtained from the bruised leaves of a Siamese tree known as 
Garcinia morella. It is soluble in alcohol, and when taken as a medicine exerts 
a drastic purgative action upon the system. Like dragon’s blood it is used for 
colouring varnishes, and water-colour artists employ it as a pigment. 

Gum Accroides is the resinous secretion of certain Australian trees, and finds 
application in the manufacture of dark gold lacquers and yellow varnishes. The 
prefix “ gum ” is a misnomer. 

One of the palest and most important of the New Zealand resins is known as 
Kauri, Kowrie, or Cowrie —a fossil occurring in the soil at various depths 
below the surface. It may also be obtained direct from living trees upon incision. 
In order to distinguish between the two varieties the latter is usually termed 
“ young ” kauri. 

Of all the known resins, Lac* is one of the most useful. It has been known 
for centuries, and the lac industry is one of great importance, so much so that in 
1907-08 the total export from India was valued at ,£2,665,224. Lac differs from 
the resins hitherto described in that it is not the ordinary secretion of a tree or 
group of trees, but is produced by small insects known as Tachardia lacca, which 
feed upon the trees and excrete the lac. No fewer than eighty-seven different 
species of tree are known in India upon which the lac insect grows wild. When 
in the larval or caterpillar stage, colonics of these insects puncture the bark of the 
tree and suck up the sap, excreting a resinous mass which forms a light yellow 
encrustation round their bodies. After a few weeks the larvae have developed into 
perfect insects, both male and female, the latter greatly preponderating in point 
of numbers. After impregnation the females become distended with a red liquid 
known as lac dye. The lac is now collected, the twigs upon which the colonies 
had collected being broken off by the natives and termed stick lac. This is 
crushed and washed, whereby the bits of wood are separated, and the product is 
known as seed lac. Further washing removes the dye, which is a marketable 
product, and the lac is melted and ladled on to a revolving cylinder whereby it 
solidifies in the form of thin flakes of shellac. Sometimes it is allowed to solidify 
in thicker discs and finds its way into the market as button lac. The terms 
lemon lac, orange lac, and garnet lac refer to the colour of the product, and 
this is determined to some extent upon the tree from which it has been obtained. 
White shellac or bleached lac is the ordinary shellac which has been bleached. 


* These remarks on lac have been culled from the interesting paper entitled “ Technical Notes 
on Lac,” read by A. F. Suter on nth March 1909 before the Paint and Varnish Society. 
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Shellac is used largely in electrical work as an insulating material. It is also 
valuable for the preparation of knotting, varnish, etc. 

Mastic is the exudation of the lentisc tree which flourishes by the Mediter¬ 
ranean. It is used in the preparation of picture varnish, and this, when mixed 
with linseed oil, constitutes megilp. 

Hitherto we have used the word resin in a generic sense. Sometimes it is 
employed—but quite wrongly—to indicate the solid residue left behind in the 
stills after the extraction of the turpentine from the crude resinous exudation of 
the pine trees in France, America, and Russia. This product is really rosin, also 
known as colophony. 

The best qualities of rosin are pale or amber coloured, and are used in making 
“finish” and the cheaper qualities of varnish. (See under Turpentine 
Industry.) 

The last resin to be considered is Gum Juniper or Sandarac, which is obtained 
from certain North African trees. It is used in the manufacture of both spirit and 
oil varnishes, but in the latter case it must be first fused to render it soluble in the 
linseed oil. 

For artificial resins see p. 211. 

Identification of Gums and Resins 

From a chemical point of view, gums, and particularly the resins, are extremely complex, so that 
an analysis in the ordinary sense of the term is not possible. When heated tie gums char and 
the resins readily burn with a luminous, sjnoky flame, showing the presence of a considerable 
quantity of carbon. If, therefore, we wish to identify the substances we shall have to judge usually 
by the cumulative evidence of a series of tests. These may be conducted as follows : *— 

1. The Appearance. —Dragon’s blood, gamboge, and the lacs may be distinguished by their 
colour. Mastic is usually in the form of small tears of a pale yellow hue, which soften when placed 
in the mouth. This enables us to distinguish it from sandarac, the only other resin with which it 
is likely to be confused. The “goose skin” surface of animi and the pebbles of pebble copal are 
distinctive, as is also the odour of benzoin. Gum acacia may be recognised by its taste and its 
resinous appearance, and gum tragacanth by its peculiar flakes. 

2. The Specific Gravity. —This usually varies within narrow limits only. Care must be 
taken, however, to use only such specimens as are free from air bubbles, otherwise too low a value 
will be obtained (see table, p. 350). 

3. The Melting Point. —The appearance of the gum or resin during the whole process of 
heating should be noted, as this is frequently characteristic. Many resins have no definite melting 
point (see table, p. 350). 

4. Behaviour towards various Solvents.— This is most conveniently ascertained by shaking 
up a small portion of the resin with a little of the solvent in a tube, warming if necessary. 

{a) Water. —Gum acacia and British gum dissolve in both hot and cold water. Gum tragacanth 
swells in hot water only, and rosin forms a semi-fluid mass. Elemi, dammar, shellac, and mastic 
become sticky in hot water, but amber, copal, and sandarac remain unchanged. 

(b) Caustic Soda. —Amber softens and its ends can be fused together. Rosin partially dissolves. 
Shellac and the gums readily dissolve. 

( c) Ammonia. —Rosin and gamboge dissolve at once. Copal, mastic, and sandarac soften and 
slowly dissolve. Amber, dammar, elemi, and shellac are unaffected. 

(d) Sulphuric Acid. —The gums yield sugars on boiling with the dilute acid. All the resins 
dissolve in concentrated sulphuric acid, yielding a dark brown solution, save dammar and benzoin 
which usually afford a reddish hue. 

(1 e) Carbon Bisulphide. —Dammar and rosin dissolve with ease. Elemi, mastic, and sandarac 
dissolve slowly. Copal usually softens, but amber and shellac do not dissolve. 

(/) Boiling Linseed Oil. —Amber and copal are indifferent. Elemi, sandarac, and shellac 
dissolve slowly. Dammar, mastic, and rosin readily dissolve. 


# It is here assumed, of course, that the gum or resin to be examined is one of those commonly 
occurring on the market and described in the preceding pages. It is usually exceedingly difficult 
and often impossible to identify with certainty the rarer specimens. 
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Table of the Specific Gravities and Melting Points of the Resins* 


Name of Resin. 

Specific 

Gravity. 

Melting 
Point, 0 F. 

Melting 
Point, 0 C. 

Amber - 




0.9S-1.20 

600-615 

316-324 

Animi - 




1.04-1.07 

450-465 

232-241 

Asphaltum—lake 




1.38 

189-210 

87-99 

,, land 




i -43 

210-255 

99-124 

Benzoin—Borneo 




1.16-1.17 

170-212 

77-100 

„ Penang - 




1.14-1.16 

170-212 

77-100 

,, Siam 




1.24 

170-212 

77-100 

Copal—Angola 




1.06 


... 

,, Demerara - 




1.03 

450-465 

232-241 

» Java - 




1.03-1.04 

347 

175 

,, Manilla 




1.06 

230-250 

no-121 

„ Pebble 




1-055 



,, Sierra Leone 




1.054 

400 

204 

Dammar—Batavian - 




1.ob 

260-300 

127-149 

„ Black 




1.09 



,, Sal - 




1.10-1.12 


... 

,, Singapore 




1.06-1.12 

260-300 

127-149 

Dragon’s blood 




1.20 

248 

120 

Elemi 




1.02 

170-250 

77-121 

Gamboge 




1.03 

... 


Gum accroides - 




1.20 



Kauri ... 




1.05 

360-450 

182-232 

Lac 




1.10-1.20 



Mastic 




1.06 

221-248 

105-120 

Rosin 




1.04-1.10 

117-212 

47-100 

Sandarac * 




1.04 

300 

149. 


* This table is compiled by kind permission of Messrs Longmans & Co. from Friend’s “ Intro¬ 
duction, etc.,” p. 176. 

(^) Turpentine.—Amber, shellac, and the gums are insoluble. Benzoin partially dissolve*, 
Elemi, mastic, rosin, and sandarac dissolve easily. 

( h ) Alcohol. —Amber and the gums are insoluble. Dammar may partly dissolve, and copal 
becomes softened. Elemi dissolves with difficulty. Benzoin, gamboge, mastic, rosin, sandarac, 
and shellac readily dissolve. 

(*) Benzene. —Amber, copal, shellac, and the gums are indifferent. Elemi and sandarac 
dissolve, but less readily than dammar, mastic, and rosm. 

In applying these tests, however, it must be borne in mind that different samples of the same 
gums ana resins are liable to show irregularities and slight variations in their properties, so that 
due care must be taken before conclusions are drawn. 
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THE RUBBER INDUSTRY 

I.—NATURAL RUBBER, GUTTA-PERCHA, 
AND BALATA 

{For Synthetic Rubber, see p. 366) 
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INDIA-RUBBER 

General. — Indiarubber is nearly 
always obtained, in the first instance, 
as a milk (latex) which exists in the 
form of a negative emulsion (/.<?., the 
drops of rubber carry a negative 
charge) between the outer bark and 
the cambium, and which is coagu¬ 
lated and, if obtained from a planta¬ 
tion, washed and dried. This 
product is exported, and is subjected 
by the rubber manufacturer to a 
series of processes comprising further 
washing and drying, the “crepe” 
obtained being rendered plastic by 
heating and kneading (mastication) 
prior to adding vulcanising and other 
ingredients, where necessary. The 
mixture is now moulded by rolling, if 
for sheets, or into other forms, and is 
vulcanised. This is the process usually 
employed for “ mechanical ” goods. 



Fig. 155.—Para Rubber Tree Thirty Years 
Old, showing Full Herring-Bone Tap¬ 
ping, Botanic Gardens, Singapore. (By 
kind permission of the Malay States 
Development Agency, London.) 
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Sources of Rubber 

{a) Euphorbiaceae—(i) Hevea . About 60 per cent, of the total output of rubber is obtained 
from the Hevea braziliensis of Para, Amazonas, and Brazil, which is the tree almost always grown 
on the Eastern plantations. It grows to a height of ioo ft., with a diameter up to 40 in. (2) 
Manikot (Brazil). The native allows the latex to coagulate naturally as it flows down the tree— 
it yields Man^oba or Ceara scraps. (3) Sapium (Colombia) yields Colombia, Virgin, and 
Carthagena scraps. (4) Urcandras (Upper Amazon), mixed with Negro-heads, etc., from Para. 

(b) Apocynaceae—(1) Funtumia (tropical Africa), gives a rubber of high quality, known as 
Gold Coast Lumps, Ivory Coast Lumps, Niger Niggers, etc. (2) Landolphia , or Vine Rubbers 
(Congo, etc.) Best known brands are Rea and Black Kassai, Upper Congo balls, Equateur, 
Madagascar (such as Virgin sheets, Pinky), and Sierra Leone Niggers. (3) Clitandra (Gold 
Coast and Congo). (4) Hancomia (Brazil), yields Mangobeira. (5) Dyera yields Jelutong, of 
which Palembang and Pontianac, or Dead Borneo, are the best known brands. 

(c) Urticareae—(1) Ficus > of which Ficus elastica or Ram bong (Burmah, Ceylon, Malaya, 
Java, India, etc.), is the best known, and which yields brands known as Assam, Rangoon, Java, 
and Penang. (2) Castilloa (Mexico, Central America, etc.), yields Peruvian “Cancho,” Cancho 
Negro, Mexican Strips, Centrals. 

(d) Composite. —Parthenium Argcntatum Gray , a shrub, yields Guayule. 

From the latex of any of these species it is possible to prepare a dry rubber containing from 1.5 
to 3 per cent, of resin for Hevea , Castilloa, and Manikot, and 5 to 7 per cent, for Ftcus , Funtumia , 
and the better Landolphias , and not more than 3 to 5 per cent, jointly of ash, proteid, and other 
substances. However, many raw rubbers as imported contain admixed earth, bark, stones, etc.. 

It is doubtful whether any rubber is better suited for tyre covers and other articles subjected 
to shearing strains than Manikot and Funtumia elastica. 

One system of “tapping” or obtaining latex, in use on Para plantations, is 
illustrated in Fig. 155, and consists in paring away, daily or on alternate days, 
a narrow strip of bark along the lower sides of a series of slanting cuts leading into 
a central cut, at the bottom of which a cup for receiving the latex is placed. When 
the bark has been removed over a sufficiently wide area, the tree is allowed a rest 
of some three or four years. The most general system of tapping is the “hall 
herring-bone.” The Hevea tree gives, per annum, some 2 to 3 lbs. of rubber for 
150 to 160 tappings, the Castilloa , 1 lb. for 4 to 5 tappings. 

Hevea trees should be over five years old before they are worked for rubber. In the case of 
smaller rubber shrubs, such as guayule, where tapping is inapplicable, the rubber is obtained by 
extracting with solvents or by mechanical processes in which the shrubs or the rich bark are pulped, 
and the pulp run into settling tanks; the rubber and a portion of the bark float on the surface. 
Guijpet’s process, which depends upon mechanical attrition and agglomeration of the rubber by 
friction, is described in British Patent Specifications, Nos. 18,375, 1910, and 9,064, 1909.* 

Nature of Latex, —Latex consists of a fluid in which globular-shaped particles are suspended. 
These particles show typical “ Brownian w movement, and wander to the anode if an electric current 
be passed through the latex, which may, therefore, be looked upon as a negative colloidal emulsion. 
This Brownian movement may be modified or caused to cease entirely by the addition of certain 
reagents, dilution, boiling, or by the electric current. Rubber latices contain, in addition to rubber, 
water, resins, proteid, mineral matter, peptones, sugars, simple albane-like oxygen derivatives, and 
various enzymes, such as oxydase, peroxydase, and catalase. 

The following analyses give the composition of latex :— 


Seligmann. 

Scott. 

Bamber. 


Per Cent. 

Per Cent. 

Per Cent. 

Water. 

55-56 

52-32 

55 -IS 

Rubber. 

32 

37*43 

41.29 

Protein and albumen. 

2*3 

2.71 

2.18 

Resin. 

traces 

3-44 

„, 

Ashes (mineral substances) • 


0.23 

O.4I 

Sugar . 

at. 

4.17 

O.36 

Oil ........ 

9*7 

traces 

... 


* See also Patent Specifications, No. 23,682,1912. 
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’Coagulation. —i. The old process of coagulating by smoking on “paddles,” 
still carried on in the Amazon district in the production of “ fine Para,” is as follows 
A fire producing dense smoke is made from Urucun nuts, palm leaves, etc.; the 
paddle, after being coated with latex, is supported on a bar over, but not too near, 
the fire, and is rotated by hand until coagulation occurs. This process is repeated 
to build up a succession of films forming a ball of the desired size. 

Various forms of apparatus for more efficient smoking have been recently suggested; the essential 
points of which depend upon producing the smoke m an enclosed furnace, cleaning it by means of 
baffles, screens, etc , and then bubbling it with steam (Da Costa system) through the latex, or passing 
it over thin films of the latter upon travelling bands or rotating cylinders inclosed chambers.* It remains 
to be seen, however, if these processes will result in such an excellent product as is “ fine Para.” 



Fig. 156.—Plantation Washing Machines. 


2. Coagulation is also effected by means of acetic acid (practically the only 
method employed on plantations), sulphuric, and hydrofluoric acids, alcohol, etc., 
or simply by exposure to air. The use of hydrofluoric acid (£ per cent, solution)— 
which also serves as a disinfectant—is extending, the best known preparation being 
“ Purub,” t which has been successfully used in Africa with Funtumia latex. 

3. Centrifugal machines have also been successfully used, the minute drops of 
rubber suspended in the latex being forced together as a soft mass on the circum- 

* See, for example, Patent Specifications, Nos. 7,371, 1907 ; 3 » 7 ° 3 » i 9»3 ? 8 94 , * 9*3 ; 23 * 219 . 
1912; 20,049, 1912; 27,666, 1911; 27,424, 19115 I 9 > 7 8 4 > 191 * 5 13 > S2 3 > 19115 24,325, 1910; 
21,634, 1910; 19 , 730 . 1910. 

t See Patent Specification, No. 10,848, a.d. 1907. 
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fercn^e of the rotating drum by centrifugal force, the clear rubber-free liquid being 
left in the centre.* 

4. A continuous electrolytic method and apparatus has been proposed, depen¬ 
dent upon the “ Brownian ” movement, for separating caoutchouc from latex.t The 
fine drops of rubber which carry negative charges collect on an endless moving 
anode, upon which the latter is poured, and from which the coagulated rubber is 
continuously removed. 

Funtumia and s nne other latices may be coagulated meiely by heating to 100® C. 

Castilloa is best coagulated by “ creaming,'’ a process in which water is added and a cream 
collects upon the surface. 

Negro-heads result by pressing together the scraps of prematurely coagulated rubber found on 
the tree, or in the collecting or coagulating vessels. 

Premature coagulating during transport from the trees to the factory is usually prevented by 
addition of water, and occasionally formalin, ammonia, etc. 

Washing and Drying.— (i) On the Plantation . Chemically coagulated 
plantation rubber, after being removed from the watery liquid upon which it is 
found floating, is passed through washing rolls somewhat similar to those shown 
in Fig. 158 (see p. 358) in order to remove mother liquor, etc. 

It is advisable to employ a battery of three washing machines, No. 1 running at differential 
speeds and set wide, No. 2 differential and set close, and No. 3 at equal speeds, plain, and set close. 
The smoked sheet seems to be improved by being pressed into blocks. The resulting sheets are 
hung up to dry, usually in well-ventilated corrugated-iron buildings containing drying lacks or 
battens for hanging the sheets over. In the most recent practice the rubber is placed upon steam- 
heated grid coils in a vacuum chamber or stove, but, as a general rule, artificial heating is avoided, 
because, if not carefully done, tackiness results. During the drying operation the sheets, 01 ctepe, 
of a creamy or pale yellow colour, are subjected to a “ curing” or preserving treatment by smoking, 
and are then ready for export. It should be remembered that the term “ curing ” is also used 
synonymously with coagulating and with vulcanising. 

(2) In the Factory. Fine Para “negro-heads,” “biscuits,” “worm,” and other 
imported non-plantation rubbers usually contain woody fibre, sand, and other 
mechanical impurities, in addition to resins, proteids, etc. In order to remove 
sugar, dirt, and bark, the rubber, after being steeped some hours in water, is 
passed a number of times between rollers (Fig. 158) rotating at different speeds, 
and is simultaneously subjected to the action of warm water. 

Fig. 158 shows a modern electrically-driven washer. In a still later form the “nip” of the 
rolls is adjusted and aligned by a single hand-wheel, through a clutch and cross-shaft X supplied 
from above. In order to expose the maximum surface to the action of the water, the rollers are 
usually diamond-cut, or corrugated. 

Factory Drying Processes are similar to those used on the plantation. The cleaned sheet 
is dried on racks, or if of a low grade, i.e ., if it contains much resin, on canvas-covered frames, over 
which a current of warm air is passed. The loss of weight occasioned by the combined washing 
and drying treatments is known as the “ washing loss.” In the case of “ fine Para” this amounts 
to 12 to 20 per cent., and in the case of “ Negro-heads ” is sometimes as high as 40 per cent. 

The dry rubber is now ready for mastication or for mixing, which processes are described later. 

Jelutong is subjected to a different treatment. This gum in its crude state, 
as obtained after coagulation, contains some 10 per cent, of rubber, 60 to 70 per 
cent, of water, the remainder being chiefly resin, and was originally looked upon as 
a low grade rubber. A high grade rubber is now obtained from it by deresinating 
the washed gum, and it is often imported as dried and smoked crepe. 

Constitution and Properties of Caoutchouc. —Caoutchouc consists of 
a highly polymerised hydrocarbon of formula [C 10 H 16 ] n , mixed with some resin, 
proteid, mineral matter, etc. 

According to Harries % it contains an eight-ringed carbon chain, thus 
,CH 8 .C—CH a -CH 2 -ClI v 

\ H—<!—CH 2 —CH a —(IcH/n 

He bases this conclusion on the fact that he succeeded in combining the rubber molecule with 

* See Patent Specifications, Nos. 330, a.d. 1905, and 7,433, a.d. 1909. 

t See Patent Specifications, Nos. 21,441, a.d. 190S, and 5,854, a.d. 1910. 

% See Patent Specification, 28,781, 1911. 

| See Harries , “ Ber.,” 37 (1904), 2,708 ; 38 (1905), 1,195, 1,198, 3,985, 3,989. * 
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ozone, thus producing the ozomde r i0 [I lfl (O ] ) 3 , which with water split up into laevulimc aldehyde 
and a superoxide of laevulimc aldehyde 

& -f HjO 

CH, C—CHj—CfI a -CH-2CH 3 .CO.Cff 8 CII 2 CIIO 

II—C-CH«—CH„—tdl, 

Caoutchouc Laevulimc aldehyde 


26 
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Rubber when hydrolysed yields ozonides, laevulinic acid, and laevulinic ^de- 
hyde. A current of air passed through a warm benzine solution yields C 10 rl 1# O 
and Cl and I acting on a CHC 1 S solution yield C 10 H u Cl g and C 10 tl w l, 

respectively, but it is doubtful whether these are definite compounds. Bromine 
derivatives are C 10 H ia Br 4 , C 10 H ls Br e . Various mtrosite and mtrosate compounds 



have been prepared; for example, with nitrous acid caoutchouc in benzine solution 
forms a yellow nitrosite, C 10 H 16 N 8 O 7 When distilled, caoutchouc yields a mixture 
of isoprene (C 6 H 8 or CH 2 = C(CH 8 ) - CH = CH 2 ), B.P. 37 0 C., and dipentene, 
C 10 H 18 , B.P. 171 0 C. And conversely caoutchouc may be artificially produced 
by the polymerisation of isoprene, which has been industrially produced on the 
large scale for the manufacture of synthetic rubber. 

According to Harries, caoutchouc is produced by the condensation of pentose sugars contained 
m the plant, just as starch and cellulose are produced from the condensation of bexose sugars* In 




NATURAL RUBBER 


359 


other words, rubber is a multiple of the hemitcrpene group, C 5 1 I 8 , just as cellulose and starch are 
multiples of the hexose groups, C 6 II 10 O 6 . Harries showed that Para rubber exists in three forms, 
an oily, the ordinary soluble form, and an insoluble modification. 

Under ordinary pressures fine Para melts about i88* C. to a gummy mass, 
simultaneously undergoing decomposition as does vulcanised rubber when melted. 
Under high pressure, however, and in the absence of air, vulcanised rubber may be 
melted to a fluid mass and heated to higher temperatures than 400° F. without 
decomposition or loss of elasticity on cooling. Advantage is taken of this fact 
in the regeneration of rubber (see later). Unvulcanised caoutchouc is characterised 
first by its extraordinary elasticity at i5°-2o° C., and secondly, by its plasticity at 
50° C., so that when warmed it can be pressed into any shape and intimately 
mixed by kneading with other substances. At o° C. it becomes hard. Freshly- 
cut surfaces of unvulcanised rubber may be made to adhere to one another at 
ordinary temperatures without using a solvent. The specific gravity of latex is 
about 0*976; of freshly coagulated rubber, which shows a reticulated structure, 
about 0*91-0*926. Raw rubber absorbs water and increases in volume. 

“Tackiness” in raw rubber is an abnormal condition. The following causes have been 
observed or suggested: Sunlight, heat, bacteria, enzymes, faulty coagulation, small quantities of 
specific chemical substances, absence of moisture, and the presence of excessive moisture. 

Vulcanised as compared with raw rubber is stronger, more resilient, more elastic, more stable 
towards actinic rays, solvents, and reagents, less changeable under variations of temperature, e.g., it 
does not harden on moderate cooling, or soften under moderate heating, and is not adhesive. ,It is 
only slightly attacked by alkalies or dilute acids, unless, of course, it contains fillers which are acted 
upon by these reagents; cone. H 2 SC>4, or HNO s , and oils readily attack it. 

The perishing* of rubber, which is hastened by exposure to strong light and warmth (say 
50°-7o°C.), is usually due to oxidation, which results in the formation of resinous compounds and 
traces of sulphuric acid; and to faulty curing resulting in 41 after-vulcanisation” if an excess of 
free sulphur be present. It has recently been shown that soft rubber changes but slightly if kept 
in the dark at ordinary temperatures, whether wet or dry. The effect of light on rubber is of great 
importance in connection with balloon fabrics. V. Henri, as the result of recent experiments, came 
to the conclusions that crude rubber should not be used in balloon work, and that the cloth employed 
and the rubber should be coloured with an ultra-violet screen, such as chrome yellow. A high 
grade soft rubber breaks at about ten times its original length, and the load at breaking will be 
about 10 tons to the square inch, since rubber is practically incompressible, 1 ton to the square 
inch of the original section. A well-made rubber buffer may be compressed many thousand times 
to about one-third its original thickness without lasting effect. 

The extension curve of a good rubber shows a reversal of sign, usually at double the original 
length, accompanied by a flattening of the curve. 

Solvents for Rubber. —Unvulcanised rubber swells up, however, when mixed 
with solvent naphtha, benzol, benzine, carbon bisulphide, carbon tetrachloride, 
chloroform, petroleum-ether, benzaldehyde, camphene, oil of turpentine, caout- 
choucine (dipentene), etc., and forms what may be termed “colloidal solutions,” as 
distinguished from true solution—the rubber having a sponge or foam-like structure, 
and the solvent, diffusing in by osmose between the walls, distends the rubber net¬ 
work into what we call a “solution.” A solution is more easily obtained by treating 
the rubber immediately after mastication. 

Spence and Kratz (Kolloid Zeitschrift , xiv., p. 262, 1914) found that the addition of small 
quantities of some acids greatly facilitates the solution of raw rubber, thus with the addition of 
°* 3 *°*S g* °f CCl s .COOH, xoo g. of dry washed rubber could be dissolved in 1,000 c.c. of C 6 H Q 
in the cold in forty-eight hours . 

Patents cover the production of non-inflammable solutions by using carbon 
tetrachloride, dichlor-methane, tri- and tetra-chlor ethane or tri-cblor benzol. 
Acetone and alcohol do not dissolve rubber. 

Hot Vulcanisation. —Without vulcanisation it is doubtful whether there 
would be a rubber industry worthy of the name. The hot process, discovered by 
Goodyear in 1839, depends essentially upon mixing raw rubber, as described later, 
with 8-10 per cent, of sulphur, or with Sb 2 S 6 if it is not to be used for cut sheet, 

* W. O. Ostwald and Walter Oswald (Patent Specification, 10,361, 1910) claim a process for 
regulating the changes produced by auto-oxidation and polymerisation in rubber, etc., by treating 
it with neutral and tasic aromatic nitrogen compounds, or neutral and basic heterocyclic substances 
or alkaloids (see p. 361, “Accelerators 7 ’). 
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elastic threads, etc., with fillers, etc., and heating under pressure to 130 -140 C. for 
2-3 hours. The rise of tempeiature should be slow, occupying from hour. As a 
general rule the degree of vulcanisation is increased (a) by prolonging the time of cure; 
lb) by raising the temperature; and (c) by increasing the amount of vulcanising agent. 

Hot vulcanisation yields best re- 
suits when the goods are under high 
pressure, which is obtained either in 
^B presses or by wrapping tightly with 

jfl X fabric, e.g., for curing hose and tyres. 

— jf In the open or steam cure live steam 

is admitted into a kind of autoclave 
(Figs. 159 and 160), into which the 
goods, wrapped with canvas or in 
moulds, are placed; the vulcanis- 
ing chamber is sometimes steam- 
wL jacketed. Press-curing is carried on 

/■ between the steam-heated platens of 

hydraulic presses. This process has 
the advantage of high pressure, but 
^the upper and lower platens being 
^^^B^^^^^BBBB at different temperatures, the pro- 

ducts are uniform. In 

A | "v. years the presses have been fitted 

M with chambers into which the lower 

B m platens are raised, thus combining 

the advantages of the live steam 
■ SBJWjg fk***#^ w and press cures. Continuous pro - 

** »» <l ^ [r ^ ^ ' cesses .—In order to enable great 

T , . lengths of cable, hose, and proofed 

10. 159. u camser ose . fabrics to be cured uniformly, they 

are passed at a regulatible speed through a steam-jacketed or otherwise heated 
chamber. The hot air process is applicable to other classes of goods, but is seldom 
used with proofed cloth. 



Fig. 160.—Vulcaniscr Open. (David Bridge, Manchester.) 

» 

Vulcanite,‘ Ebonite, and Hard Rubber are produced by employing a con¬ 
siderable excess of sulphur, say 40 per cent., and by extending the vulcanising 
operation over 6 hours. Such hard sorts of rubber are used for making combs, 
handles, etc., and in the electrical industry as an insulating material. It should be 
unacted upon by acids and alkalies. 

Cold Vulcanisation, discovered by Alexander Parkes in 1846, and applied 
more particularly to proofed cloth, is brought about by means of a 2-3 per cent, 
solution of sulphide chloride in CS a . This process is not applicable to thick goods. 
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The rubber mixing, which is conducted in the usual manner, as described later, 
but without the addition of sulphur, is rolled out into a sheet and dissolved in 
naphtha. The swollen dough, rendered homogeneous by being worked between 
rolls, is spread upon the cloth in the machine shown in Fig. 162. The fabric is 
placed on a roller, as shown at the right hand of the figure, then it is passed over 
the upper roller, above which is situated a doctor for adjusting the thickness of the 
layer, and in front of the doctor the dough. In its passage over the steam-heated 
table B, the fabric is freed from solvent. As a general rule a number of layers are 
applied. The fabric is now conveyed to another machine, upon which it is cured 
by unwinding it from one roller and winding it upon another, by allowing it in its 
passage to contact with a third roller dipping into the sulphur chloride bath. 

Peachey Process of Cold Vulcanisation (see English Patent 129,826, 
1918).—The process consists of treating rubber with sulphur dioxide gas and 
hydrogen sulphide gas. These two react, producing nascent sulphur, thus :— 

S 0 2 4 - 2H 2 S = 2lI a O + 3S* 

The nascent sulphur then unites with the rubber at ordinary atmospheric tem¬ 
perature, thus bringing about effective vulcanisation. 

Rubber sheet, either dry or wetted with benzene, may be submitted successively, 
and, if necessary, repeatedly, to atmospheres containing sulphur dioxide and 
hydrogen sulphide respectively; or the gases may be applied successively to 
ordinary rubber solution. In the latter case the solution rapidly becomes more 
viscous, and ultimately forms a jelly, which is no longer soluble in the solvent. 

In English Patent 136,716, 1919, Peachey suggests accelerating the action by 
adding 0.5 per cent, of nitrosobenzene or other nitroso compound. As this 
process is a cold one and does not involve the use of sulphur chloride, it renders 
possible the use of a large variety of organic filling and colouring agents, most of 
which are unaffected by exposure to sulphur dioxide and hydrogen sulphide. 

By means of this process rubber can be used as a binding agent for materials 
such as cork dust and wood meal, the mixings being sheeted and vulcanised, form¬ 
ing a cheap and excellent floor covering. Leather waste can similarly be converted 
into reformed leather suitable for use in the manufacture of boots, shoes, and 
upholstery. Shoddy waste yields a felt-like material. It can be applied to dissolved 
rubber, and gives good results for repair work. 

A factory is equipped for working this process at Willesden, London, and the 
machinery therefor was constructed by David Bridge & Co., of Castleton, near 
Manchester. 

Accelerators. —Some substances when introduced into rubber mixings considerably shorten 
the time required for vulcanisation, hence they are called accelerators. 

The more important inorganic compounds are PbO, CaO, MgO, and Sb^Sj, and soft resinous 
rubbers, which cannot be properly vulcanised when mixed with S alone, can be cured with the aid of 
these accelerators. 

Esch and Seidl have shown that PbO stimulates the reaction between the S and the rubber resin, 
which is accompanied by the evolution of much heat. 

Bayer & Co. have recently patented (English Patents, 11,530, 1913; 11,615, 1913) a number of 
organic nitrogen compounds as accelerators, including piperidine, methyl piperidine, piperidyl-ditho- 
carbamic-acid-piperidine, monopiperidylurea, tetrametnylene-diamine, and pentamethylene-diamine, 
small quantities of which (J-i per cent.) are introduced into the rubber mixing. 

Theory of Vulcanisation.—Hot. —Weber concluded from his experiments that direct addition 
results in the formation of compounds varying from (C 10 H 16 ) 10 S 2 to C 10 II 16 S 2 , but this is very 
doubtful. Erdmann (Liebig’s Annaien , 1900, 362, p. 133) assumes the formation of thiozonides 
corresponding with the ozonides. Hubener KJ.S. C. 1910, p. 289) concludes that mono* and 
disulphides are formed. Bysow assumes that in the primary stage mere physical absorption occurs. 

Cold.— The earlier experiments of Ilenriques and Weber led them to assume the formation of 
direct addition products, according to Weber varying from (C 10 II J 6 ) 24 S 2 C 1 2 to (CjqHjgSjjC^U. 
Hinricksen assumes the formation of a body, (C 10 II 16 ) 2 S 2 C 1 2 , which forms a solid solution with the 
rubber, this solid solution containing varying quantities of absorbent “ free sulphur.** Wo. Ostwald 
has recently propounded a theory of both not and cold vulcanisation to the effect that colloidal 
absorption occurs and not chemical reaction, but this seems to be disproved by the experiments 
of Alexander , who has shown that the tetrabromide and nitrosite derivatives obtained by precipita¬ 
tion from solutions of vulcanised rubber contain all the S of vulcanisation. 
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hit 161 Cirindtr and Mixer (IM\id Bridge & Co., Castle on, Manchester.) 

Manufacture Of Rubber Goods. — Mixing —For certain classes of goods, 
such as cut sheet and elastic thread, sulphur is the only ingredient added, but in 
general other additions are made, sometimes to the extent of 75 per cent., viz., 
fillers, such as factis, or “oil substitute” (see under rubber substitutes), zinc oxide, 
chalk, rubber waste, etc.; pigments, such as “ golden ” sulphide (antimony sulphide), 

B B B A 



Fig. 162.—Spreading Machine (for garment cloth, card clothing, 
fine sheet, waterproofing, etc.). 
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lithophone, cinnabar, etc.; for toughening , balata, magnesia, iron oxide, kaolin, etc.; 
for closing pores , bituminous substances, etc. The mixing machine (Fig. 161), 
resembles the washer already described. The rolls are smooth and hollow for 
receiving steam or cold water supplied to trunnions through pipes, A, B, and are 
run at differential speeds. The raw rubber sheet which has been washed and dried 
in the factory as described above, is rendered plastic at about 50° C. by being 
passed a number of times (masticating) through the heated rolls of the mixer, 
gradually closing the “nip/’ the fillers, etc., are then sprinkled on a little at a time. 

Calendering. —When a homogeneous sheet has been obtained it is usually 
taken direct to the calender (Fig. 163), the bowls of which must be truly turned, are 
very heavy and are also steam-heated. For the production of ordinary sheet 



(x mm.-i cm. thick) the bowls run at even speed, and the dough is placed in 
the nip of the two upper bowls. The rotation of the bowls carries it round as 
a thin sheet to the lower nip, where it is transferred to a cloth which passes between 
the lower bowls and is wound upon a roller shown in front of Fig. 163, the cloth 
preventing adjacent layers from cohering. After an interval of rest the sheet is 
vulcanised. The process of building articles from calendered sheets is termed 
%i making up,” and requires great skill. 

Cut sheet, which is gradually being displaced by calendered sheet, is 
employed for tobacco-pouches, etc. The washed and dried rubber is thoroughly 
masticated, pressed into blocks, frozen in refrigerating chambers, and cut into 
sheets. 

Elastic thread is cut from calendered or spread sheet, rolled with a fabric 
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into a. cylinder after dusting with French chalk, vulcanised, uni oiled, (oated with 
shellac solution, wound on a roller, and cut into thread. 

Forcing or Squirting solid tyres, inner tubes of tyres, tubing, etc., is done 
in the extension press shown in Fig. 164. The w r arm rubber mixing is fed through 
a hopper fitted with an automatic roller-feed to a steam-jacketed Archimedean screw, 
rotated by the gear shown on the left, and is forced through the die showm on the 
right. This die is provided with a cential spike for geneiciting the hollow in tubes, 
or with a wire to serve as a core in solid tyres. 

Tyre covers are usually made up by hand upon a mandrel from proo r cd 



Fig. 164 —Forcing Machine (extrusion). 

canvas and calendered sheet; tyre-tubes and other tubing by building up calendered 
sheet cut to the desired width; hose by building up the cheaper grades by 
lapping on a mandrel, and by other methods > direct moulding, stamping from 
calendered sheet, or cutting from cylinders are also used for some kinds of goods. 

De-vulcanisation and Re-manufacture of Rubber 

In the “ reclaiming ” of waste the fibre is usually removed by means of alkali or 
sulphuric acid, the S by treatment with alkalis, thiosulphate, etc. It has been 
claimed that some processes remove combined as well as free sulphur. Waste 
rubber has also been dissolved under pressure in benzine, etc, and utilised in the 
form of a solution. It is often ground up and used as a filler with raw rubber. 



GUTTA-PERCHA 


3^5 


Of late years a new and valuable process, patented by Thomas Gare (Patent 
Specification, 12,454, a.d. 1906), and modified by Hyatt, Immisch, and others, as 
described in later specifications, has been invented, by which it is claimed that 
old and worn rubber articles can be “ reformed ” and made as good as new without 
any addition. The process depends upon subjecting the rubber, preferably finely 
ground, to the action of high pressures, so as to exclude all air from the interstices, 
and then, whilst the rubber is still under pressure, subjecting it to temperatures 
above that of vulcanisation. In this process no attempt is made to remove the 
sulphur. The process depends upon the fact that, when air is excluded, rubber 
can be'subjected to a high temperature, and can even be melted, without destroying 
its elasticity and compressibility, so long as it is allowed to cool without access of air. 

Rubber Substitutes. —Many substitutes for rubber have been proposed. 
The chief depend upon producing from oils, more particularly drying oils, such as 
linseed oil, an elastic mass by “ vulcanising ” with S (“ brown substitute ”), S 2 C 1 2 
(“ white substitute ”), or Sb 2 S 5 (“ red substitute ”). These products are known as 
oil rubber, factis, or white or red substitutes. They are chiefly valuable as 
cheapening additions for raw rubber. 

Brown Factice is usually made by heating together rape oil and sulphur ; White Factice by 
vulcanising castor oil with sulphur chloride, S 2 C 1 2 . 

Mixtures of glue or gelatine, and glycerin, oils, or other softening agents, after 
treatment with tannic acid, chromates, or formaldehyde, have also been used as 
substitutes for rubber ; for example, as cores for tyres and coverings for rollers. 
“ Elastes ” belongs to this class. 

Coresand fillings for tyres have also been made by injecting into or generating 
in rubber, gelatine, etc., air or other gases. The inventions of the Pneumatic 
Tyres Syndicate are of this nature. 

GUTTA-PERCHA 

Gutta percha is obtained from the Isotiandra gutta (East Indies) and other 
trees, usually by felling the trees and “ ringing ” the bark at intervals of 12-18 in. 
The milk which oozes out in the better kinds soon coagulates, and is then boiled 
alone or with water. In order to clean the product it is reduced, softened in hot 
water, washed with hot water, strained, masticated between rollers, and sheeted. 
In the chemical cleansing process small pieces of raw gutta-percha are steeped in 
caustic alkali or chloride of lime, the latter process yielding a product containing 
less dirt than the former process. It is sometimes desirable, e.g., in making golf 
balls, to remove resin from gutta-percha. This is done by extracting the dry material 
with petroleum spirit, etc., the gutta-percha which remains behind undissolved is then 
masticated in the usual way. Various processes for extracting gutta-percha from 
leaves, etc., have been suggested; for example, by means of CS 2 , toluene, etc. 

Chemically gutta-percha is closely related to caoutchouc, being in fact, according 
to Harries, a stereo-isomeride, of formula (C 10 H 16 ) n , and, like caoutchouc, it forms 
an ozonide, C 10 H 16 O g , which is decomposed by water into laevulinic aldehyde. 

Physically, however, there is little resemblance; gutta-percha does not possess 
elasticity like caoutchouc; but when warmed is extremely plastic, and when 
pressed in forms gives the finest relief work in exact detail. Gutta-percha at 
ordinary temperatures is hard but not britttle; it is an excellent electric insulator, 
and is largely used in the manufacture of electric cables, especially marine ones, 
because, as compared with rubber, it possesses a greater power of resistance towards 

water under high pressures. 

« 

BALATA 

Balata (from the “bullet” tree or Sapota mulierii) is midway in physical 
characteristics between irjdiarubber and gutta-percha, and is largely used for coating 
canvas for belting, and as a soling for shoes and boots. The milk is obtained by 
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removing the outer bark before tapping, and is coagulated by evaporation or by 
spirits of wine. 

Statistics. —The accompanying figures give the growth of the world’s production of crude 
rubber (caoutchouc): 1890. 29,330 tons ; 1895, 34>827 tons; 1900, 52,864 tons; 1905,68,879 tons * 
1910, 76,553 tons; 1911, 88,000 tons; 1912, 98,950 tons ; 1913, 112,000 tons. 

The world’s production of all grades of rubber in 1911 and the approximate price of these 
various grades of rubber on nth May 1912 was as follows :— 

Output in Tons. Price per lb. 

s. d. s. d . 

Amazonas and Brazil (para) - - - 39 »°oo 4 7 to 4 7i 

Ceylon and Malaya (plantation) - - 14,200 4 II „ 5 o 

Africa and the rest of the world - • 34,800 2 I „ 4 o 

88,000 

The production of plantation rubber was -1912, 28,500 tons ; 1913, 470,000 tons. 

It is estimated that the total raw rubber output in 1915*1916 will be nearly 150,000 tons. At 
present the United States consume one-half the world’s output, the United Kingdom and Germany 
each one-sixth. 

Btazil y Bolivia , and Peru exported 39,500 tons in 1911, against 40,000 in 1910; in 1912 the 
export was 43,000 tons, and in 1913, 39,700 tons; Mexico in 1911 exported 9,200 tons of guayule ; 
Ceylon and India 2,750 tons in 1911; Malaya 11,400 tons in 1911 ; West African Coast 15,000 
tons in 1911. The exports from the Straits Settlements , F.M.S., and Ceylon for 1913 was 
71,000,000 lbs., value £11,000,000. 

The quantity of caoutchouc imported into England was 30,000 tons in 1906 (value £10,000,000), 
and 43,800 tons in 1910 (value £26,000,000). The value of the manufactured rubber goods 
imported into England m 1910 was £627,000, and of the exported was £1,800,000, while the 
exported rubber waste was £356,000. The price of the best Para rubber in 1911 was 6s. per lb. 
In 1910 it once rose to 13s. a lb. It will probably fall to 2s. per lb. or under in a few years. 

The import of gutta percha into the United Kingdom was—1906, 53,000 cwt. (value 
,£489,000); 1910, 97,000 cwt. (value £1,136,000). 

It is stated that between 1900*1910 no less than £70,000,000 was expended on rubber 
plantations. 850,000 acres are under cultivation in the East (1911), and 80 acres in Mexico, 
Nicaragua, etc. 

Estimated yield per tree (Hevea), age 5 years, £-j lb. ; 7 years, ij-ij lbs. ; 12 years, 3 4 lbs. 
Some 15-30-year-ola trees have yielded 15 to 20 lbs. per tree per year. 

Tappings per year—Hevea, 150-160; Castilloa, 4-5. Brazil, Peru, and Bolivia produce about 
one-half the world’s rubber. 
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Raw rubbers contain—I. Dirt, sand, bark; 2. moisture; 3. carbohydrates (sugars of the 
inosite class); 4. resins; 5. nitrogenous substances (proteins, enzymes); 6. rubber hydrocarbon 
(caoutchouc); 7. ash. 

The loss on washing is determined by allowing a stream of water to play on the rubber while 
it is repeatedly passed through the washing rolls. 

By this means the dirt, sand, pieces of bark, etc., are squeezed out of the rubber and carried 
away by the water, which also dissolves out most of the sugars. 

Plantation rubbers are washed before exportation, and for wild rubbers the loss on washing is 
determined on a large sample in the factory, so the rubber chemist commences his analysis on a 
sample of the washed and dried rubber. 

As acids are used for coagulating the latex on many plantations, and free acid has an injurious 
effect on rubber, the sample should first be tested for acidity. 

Moisture may be estimated by placing the rubber in vacuum over sulphuric acid for several days f 
until the weight is constant, but is more conveniently estimated during the extraction with acetone.’ 

To estimate the resins, 2-5 g;r. of the rubber are cut into small cubes, or better, the rubber 
is rolled into a very thin sheet, which is extracted with acetone for six hours in a Soxhlett extractor. 
Of low grade highly resinous rubbers such as Jelutong, Guayule, etc., 1-2 gr. will be enough. 

The acetone extract is brought into a tared flask, the acetone is distilled off in a water bath, and 
the residue dried in the steam oven for one hour, and then the heating is continued for periods of 
15 minutes until the weight is constant. (The drying' may be hastened by placing the flask on 
its side in the steam oven, so that the heavy vapours pour out, and the heating should not be unduly 
prolonged, as the resins absorb oxygen, so that the weight increases.) 

Sometimes a white crystalline ring is observed on the sides of the flask; this is said to consist of 
sugars which escaped solution during the washing. 

The acetone extracted rubber is placed on a watch glass, and dried in the steam oven, or better, 
in a vacuum oven. 

If dried in the air, the rubber should be heated for one hour, and then for periods of 15 
minutes, until the weight is constant, or begins to increase. (Acetone extracted rubbers absorb 
oxygen rather rapidly.) 

The difference between the weight lost by the rubber and that of the acetone extract represents 
|he weight of the moisture contained in the rubber. 

The insoluble matter is determined by dissolving 1 gr. of the rubber in CHC 1 S or C 8 H 6 (1*3 
days), and the insoluble matter is separated by filtering through a Gooch crucible fitted with 
asbestos or glass wool, or better, by centrifuging. 

The residue is washed first with the solvent used, then with naptha, and finally with petroleum 
spirit, after which it is dried, weighed, and then ashed. The difference between tne weights of the 
insoluble residue and its ash represents the weight of insoluble organic matter. 

Schidrowits estimates the total insoluble matter by placing V 1 gr* of the rubber in a 200 c.c. 
stoppered measuring cylinder, which is then Ailed to the mark with GgHg, and allowed to stand 
wifn occasional shaking till solution is complete (2-3 days). 
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An aliquot portion (20-50 c.c.) of the clear liquid is then pipetted off from the upper portion of 
the cylinder, and placed in a tared flask. The benzene is evaporated on the water bath, and the 
residue dried and weighed. 

If 50 c.c. were removed, the difference between the weight of rubber taken and four times the 
weight of the residue from the 50 c.c. of solution gives the amount of insoluble matter in the 
rubber. 

Nitrogen in rubbers is determined by Kjeldahl’s method. 1-2 gr. of the rubber are heated on a 
sand bath with 12 c.c. of cone. H 2 S 0 4 , 8 c.c. of fuming sulphuric acid. 

After the acid has been boiling for an hour, 8 gr. of dry K a S 0 4 are added, and the heating is 
continued until a clear, colourless, or pale yellow melt is obtained, or the rubber may be boiled in 
the sulphuric acid mixture for 3-4 hours; and then a little KMn 0 4 is added cautiously, a few 
crystals at a time, to the hot acid, and the heating continued until a clear pale yellow liquid is 
obtained. (Many rubbers contain a little iron, which causes the pale yellow colour.) 

The product is then cooled, diluted with 200 c.c. of water, again cooled; 80 c.c. of NaOH 
solution S.G. 1.3-1.4 added, a piece of zinc dropped into the distillation flask, and IOO c.c. of the 
N 

liquid distilled into 100 c.c. of -~H a S 0 4 , with the usual precautions. 

The excess of ~ II 2 S 0 4 is titrated with ~Ba(OH) a , or NagCOg, using methyl orange as an 
10 10 

indicator. The nitrogen figure, when multiplied by 6.25, is usually regarded as representing the 
amount of proteid in the case of washed rubbers. 

To determine the ash, about 2 gr. of the lubber are placed in a porcelain crucible (preferably 
glazed on the inside only), which fits m a circular hole in a piece of asbestos board. 

The crucible is heated with a very small Bunsen flame until fumes are no longer evolved, and the 
carbon deposited on the sides of the crucible is burnt off at the mouth of a muffle furnace, or over a 
large Bunsen flame. Ilevea rubbers (Para, Mollendo, Plantation Para, etc.), may only contain 
0.2 per cent, of ash, so in this case about 10 gr. of the rubber should be taken and fumed off, 2 or 3 gr. 
at a time. 

The ash may contain silica, lime, alumina, magnesia, iron oxide, sulphates, phosphates, and chlorine, 
which are determined by the ordinary methods of analysis. Several methods have been proposed 
for the direct estimation of the rubber hydi ocarbon, but this is best determined by difference. The 
percentage values found for moisture, acetone extract, insoluble organic matter, and ash, when 
added together and subtracted from 100, give the per cent, of caoutchouc contained in the rubber. 

Vulcanised Rubbers.—Owing to the very large number of both organic and inorganic sub¬ 
stances which are introduced into rubber mixings, an exact separation of all the constituents is often 
very difficult and sometimes impossible. 

The following scheme of separation, which is based on the work of Henriques and Weber, is the 
best which has yet been devised, and may be used for both soft rubbers and vulcanites The 
rubber (about 2 gr.) is extracted with acetone for ten hours; this dissolves out rubber resins, free 
S, and any oils or solid hydrocarbons which the rubber may contain. 

The rubber is next extracted with pyridine for one hour, which separates any tar # pitch, 01 
bituminous substances, and the sulphur combined with them. 

These substances, which need only be sought in dark rubbers, may be detected by warming a 
piece of the rubber with C 6 H 6 , or CHCI 8 , when their presence is revealed by the formation of a 
dark-coloured and usually fluorescent solution. If they are absent, the pyridine extraction may be 
omitted. 

The rubber is then boiled with 50 c.c. of a 5 per cent, alcoholic solution of NaOH for four hours 
with alcohol in a Soxhlett extractor, and then with water. This removes the factice (rubber sub¬ 
stitutes), blown and polymerised oils, with the sulphur and chlorine contained in the factice. 

The rubberJis then heated in a flask with 60 gr. of anitronaphthalene for one hour to 180% cooled, 
and 150 c.c. of benzene are added. 

The liquid is allowed to stand until the insoluble matter settles out, when it is filtered, and the 
residue washed with benzene, dried, and weighed. In this way the caoutchouc and the sulphur and 
chlorine combined with it are removed from the mixing. The residue is then extracted with 
boiling water to remove any starch or dextrine. 

The residue may now contain mineral matter, free carbon, fibrous minerals, and sulphur in 
inorganic compounds. 

The free sulphur in the acetone extract may be estimated by heating the extract with fuming 
nitric acid, evaporating the solution to a thin syrup, which is transferred to an evaporating dish ana 
concentrated on the water bath to a thick syrup, 2 gr. of fusion mixture are added, and the mixture 
well stirred. 

The basin is cautiously heated until the mixture has become white, when it is strongly ignited. 

The residue is dissolved in hot water, the solution filtered, the filtrate acidified witn HC 1 , and 
boiled, and the sulphate precipitated with barum chloride. 

As a small loss of sulphur is liable to occur during the oxidation with nitric acid, a better 
method is to boil the acetone extract with 20 c.c. of alcohol, and 0.6gr. of NaCN for two hours. 

The alcohol is distilled off, the residue is taken up in 100 c.c. of water, 5 c.c. of a saturated 
solution of iron alum is added, and the liquid heated to 95 with constant stirring, and filtered. 
5 c.c. of concentrated HNO, are added to the cooled filtrate, which is then made up to 500 c.c. 
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The blood-red solution of ferric thiocyanate is titrated with — AgNO s (igr. Ag=0.297 gr. of S). 

Mineral oils usually reveal their presence by imparting a fluorescence to the acetone extract. 
If waxes are present, the residue from the acetone extract is warmed with 50 c.c. of 96 per cent, 
alcohol, filtered, and the residue washed with 25 c.c. of alcohol. The filtrate is then cooled to -4 0 , 
the wax is filtered and washed with 100 c.c. of 96 per cent, alcohol cooled to -4 0 . 

The figures obtained by weighing the residue left after distilling off the pyridine from the 
pyridine extract are of doubtful value, as pyridine dissolves some of the rubber, while bitumen is 
not entirely soluble in pyridine. The sulphur may be estimated by oxidation with HNO s , and 
fusion mixture as described for the acetone extract. 

The alcoholic soda extract should be tested for mineral fillers, some of which, such as antimony, 
sulphide, and sine oxide, are partially extracted. 

The total sulphur may be determined by mixing o. 2 gr. of the finely divided rubber or ebonite 
with 6-7 gr. of Na 2 0 2 , and o. I gr. of powdered sugar in a nickle crucible, and covering the mixture 
with a thin layer of NasC^. 

The crucible is placed in a basin containing a little water, and the mixture is fired by passing a 
red hot wire through a hole in the crucible lid. The residue is dissolved in the water in the dish, 
nearly neutralised with HC 1 , boiled and filtered to remove a few smuts which are formed (the liquid 
should not be black), acidified with IIC 1 , boiled and precipitated with BaCl a as usual. 

As NagOg usually contains traces of S, a blank test must be made with the sample used. 

By another method the finely divided rubber is heated with a mixture of ZnO and KNO s over 
a spirit Bunsen (to avoid S 0 2 ) gently until the vigorous action is over, and then to a red heat. 
The product is boiled with HC1, filtered, and precipitated with BaCl a as usual. 

Cold vulcanised rubbers and white factice (which appears in the alcoholic soda extract) contain 
chlorine, which may be estimated by precipitating as AgCl in the usual manner after the organic 
matter has been destroyed by ignition with fusion mixture. 

The mineral fillers are determined by the usual methods of inorganic analysis, and with the 
exception of Pb, Sb and Hg may be estimated in the ash. 

Pb can only occur in black rubbers, and Sb 2 S 5 is usually put into red rubber mixings, while 
tome special red rubbers owe their colour to vermillion (HgS). 

These three metals, which are never introduced together into a rubber mixing, are determined 
after the organic matter has been destroyed by heating the rubber with nitric acid and ammonium 
presulphate. 

Pb may be estimated by making the liquid alkaline with NII 4 OH, digesting with ammonium 
acetate, filtering from any insoluble matter (Si 0 2 , BaS 0 4 ), acidifying with CH 8 C0 2 H, and precipitat¬ 
ing as PbCr 0 4 . 

Hg and Sb are estimated by adding HC 1 to the liquid, diluting and passing S 1 I 2 gas. 

The HgS may be freed from S by extraction with ammonium sulphide, and the Sb is best con¬ 
verted into Sb 2 0 4 by evaporation first with dilute HN 0 3 , then with cone., and finally with fuming 
nitric acid, when it is ignited and weighed. 

The organic constituents of rubbers may also be destroyed by Gasparini’s electrolytic method, 
in which Hg of the rubber is placed in contact with Pb electrodes, in 15-20 c.c. of fuming nitric 
acid, in a special apparatus (Gasparini, Gazz. Chim . Ital ., 37, p. 426). 

A continuous current (10 amperes and 8-16 volts) is passed until all organic matter is oxidised 
(two-seven hours). 

This method is said to give good results for the estimation of total sulphur, chlorine, 
mercury, etc. 


MECHANICAL TESTS. 

These chemical tests should be supplemented by Mechanical Tests, e.g., for elasticity, break¬ 
ing strength, etc., for which special machines are employed. 

It is interesting to note that viscosity measurement is a more accurate test of the strength of 
rubber than “hand-pulling” or mechanical tensile tests. Schridowitz and Goldsbrough {Jourti . 
Soc . Chem. Ind. t 1909, p. 3) used filtered dilute solutions in an Ostwald double-bulb viscometer 
with pure benzene as solvent, and a temperature of 20° C. Comparative determinations only are 
necessary, the viscosity of pure benzene being taken as 1. They showed that a straight line law 
is obeyed for dense solutions between the viscosity and concentration, and thus by assuming a 
concentration of 100 per cent, they were able to obtain values for solid matter. These observers 
conclude that within the same species viscosity measurements vary directly with strength and 
“ vulcanising capacity,” and that even when comparing species with species high viscosity 
indicates strength. 

The capacity for vulcanisation should also be investigated by using a range of methods 
(open cure, press cure, etc.), of time, temperature, and different mixings. 

The usefulness of a sample for particular purposes may be ascertained by mechanical tests 
on best-cure rubber, such as breaking-strain, elongation at break, nature of hysteresis curves, and 
elongation of curves, etc., compression under given load, recovery after compression for fixed 
time, elasticity (by dropping a steel ball on a sheet of the sample and comparing heights of drop 
and rebound), abrasion and hardness tests, specific gravity, di-electric strength, effect of reagents 
on weight, volume, tensile properties, etc., dry heat (132° C. for 1 hour), and moist heat (steam, 
160* C. for 3 hours) tests, porosity. 
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The term “synthetic rubber” is used as distinct from the term “rubber sub¬ 
stitutes” to indicate products which are claimed to have the same or approxi¬ 
mately the same chemical constitution as caoutchouc, or the prime constituent of 
caoutchouc, and not merely bodies having similar physical properties to caoutchouc 
or india-rubber. 

When certain unsaturated hydrocarbons containing the grouping :C;C.C:C: 
are allowed to polymerise, they form a series of caoutchoucs which possess many 
of the properties of the best sorts of natural caoutchouc, including the power of 
vulcanising. 

The hydrocarbons from which technical synthetic rubber has been formed are:— 

Butadiene (Erythrene, Divinyl), CH^CH-CH-CH^ 

^-Methyl Butadiene (Isoprene, Methyl Divinyl), CH 2 = C(CH 8 )-rCH«CH r 

0-y-Dimethyl Butadiene (Di-isopropylene, dipropylene), CH 2 «C(CH-W 
C(CH 8 )«CH 2 . 


Butadiene is at ordinary temperatures a gas. 

Properties of Isoprene (Methyl Vinyl, 6-methyl butadiene).—Colourless liquid with 
trating smell; B.P., 3o°-37 # C.; density, 0.6804; mol. refract., MR D (21°)=25.45 5 mol* 
MD Y - a (2i # )=i.25. 


pene** 

aisp.. 


Properties of /9-7-Dimethylbnttdiene.—Colourless liquid; B.P., 71° C., no = 1.43752; mol 
refract., 29*65; density (ao°), 0.7272; M Y -M 0 = 1,41. 
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The higher homologues of butadiene also produce rubbers; e.g., jS-methyl-7-phenyl butadiene 
(phenyl isoprene), CH 2 = C(CH S ) - C(C S U,) = CII 2 , has been shown by A. Klages and E. Lank 
(** Dissert.,” Heidelberg, 1904) to polymerise to a rubber-like body which vulcanised to a product 
inferior to ebonite. Doubtless further research will bring to light technically important higher 
rubber. 


The polymerisation may be regarded as taking place thus :* 


CH2=CH—CH=CH a 
CIIjp=CH—CII==CII 2 

Butadiene. 

CH^=C(CII S )—CII=CH 2 
CHj=CH—C(CH S )=CI J 2 

/S-Methyl butadiene (isoprene). 

0113=0(0113)—C(CH 8 )=CI I 2 
CHy=C(CH s )—C(CH S )=CI I 2 

/9-7-Dimethyl butadiene 
(di-isopropylene, dipropylene). 


> 


> 


/CII 2 —CH==CH—CHa 
VcM 2 —CI!=CH—CH/x 

Normal butadiene rubber. 


/CH 2 ~-C(CH 3 )=CH—CHa 
\ ci I 2 ~CH=C(CH g )--CH a / x 

/3-Methyl butadiene rubber 
(isoprene rubber, natural rubber). 

Q ~H 2 —C(CII 8 )=C(CH 3 )^CH 2 \ 
llg —C(CHj)==C(CH s )—CH 2 ' x 

/3-7-dimethyl butadiene rubber 
(di propylene rubber). 


And, in general, a rubber derived from a homologue of butadiene, such as 
CH 2 — CX - CY « CH 2 , would produce rubbers of the formulae:— 


/CI lo—CX=C Y— 

-CIIa 

/CH 2 —CX=CY— CHa 

( 1 

) and 

(l 1 ) 

\CII 2 —CX=CY- 

-civ* 

\CI I 2 -C Y=CX—CIl/x 


As a matter of fact the polymerisation is a much more complex matter than this. Thus sticky 
or liquid lower polymerides are first formed, and the final polymerisation product is formed gradually 
by further condensation. Moreover, if the polymerisation proceeds too far and the molecules 
become too condensed, hard brittle products may be formed. Also Harries has shown (Anna/m, 
383, 157-229) that different rubbers are obtained by using different polymerisation agents, e.g. y when 
butadiene is polymerised by heating alone or with acetic anhydride, it yields a “ normal butadiene 
rubber,” (C 8 II 12 ) X , while when polymerisation is effected by sodium wire it yields quite a different 
rubber, called “sodium butadiene rubber.” In a similar manner several isomeric rubbers are 
obtained by polymerising isoprene and dimethyl butadiene respectively. Thus, for isoprene rubber 
(natural rubber) Harries suggests (. Annalen , 383, p. 187) the presence of three isomerides, which 
have the double linkage in a different position, thus:— 


C.CH S 

C.CH3 

C.CHj 

HC^H, 

✓\ 

HC CH 

Hc\h 

H e i d:H s 

H 2 i <!h 

H Jb elf 

H a C CH 

h 2 c <!:h 2 

H 2 C CH. 

CH,.C 

CHj^H 

\x 

CII, 


Normal isoprene s.. — —— v —. " 

rubber. Isomerides mixed with normal rubber. 


Moreover each of these isomerides may have several stereoisomerides. It will be seen that according 
to Harries’ views the basis of rubber is the hydrocarbon cyclopentadiene (1:5) which contains a 
ring of eight carbon atoms:— 


CH a —CH=CH—CH a 
d:H 2 —ch=ch— dii 2 

Pickles {Joum. Ckem. See., 1910) and Ostromisslensky ( Joum . Russ. Phys. Ckem . Soc., 1912, 44, 
204-244) suggest rings containing more than eight carbon atoms. 

Identification of Rubbers. —Harries has shown that the only way to identify a rubber is to 
ozonise it, and then decompose the ozonide produced (see p. 358), because simple bodies are thus 
obtained which yield with phenylhydrazine finely crystalline compounds with sharp melting points, 
and so can be easily identified, and at the same time give an insight into the structure of the 
molecule. Although rubbers yield bromides and nitrosites (p. 359) yet these compounds are 
amorphous without sharp melting points, and so do not afford good means of identifying the 
various rubbers. 
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MANUFACTURE OF BUTADIENE, METHYL BUTADIENE 
(ISOPRENE), AND DIMETHYL BUTADIENE FOR THE 
PURPOSE OF MAKING SYNTHETIC RUBBER 

Since rubber can be produced quantitatively from butadiene and isoprene, the 
problem of successfully producing synthetic rubber commercially resolves itself 
firstly into the manufacture of butadiene, isoprene, or dimethylbutadiene, as cheaply 
as possible, and secondly, into the polymerisation of these substances to rubber. 

Manufacture of Butadiene (Erythrene, Divinyl) 

t. From Butyl Alcohol (Fernbach’s Fusel Oil).—Perkin (Jourru Soc. Chenu 
Ind 1912, 31, 622) converts the butyl alcohol, CH 3 .CH 2 CH 2 CH 2 OH, into butyl 
chloride, CH 3 CH li CH./'H 2 Cl, by passing dry HC 1 gas into the heated alcohol, and 
then chlorinates the butyl chloride so as to produce dichlorides. 

The difficulty that a large proportion of higher chlorides arc 
produced by chlorinating under ordinary circumstances is got over 
by employing a special apparatus devised by Mr C. A. Pirn. 

The liquid is boiled in the vessel A (Fig. lOqtf) until the chlorin¬ 
ating chamber B is full of vapour and the liquid drops from the 
end of the reflux condenser c. Then a stream of dry chlorine is 
passed in through D, keeping, however, the butvl chloride in 
excess. During the chlorination process the appaiatus must stand 
in a good light, and on dull days the ultra-violet light of a mercury 
lamp is used to facilitate chioiination. As fast as the higher-boiling 
dichloride is produced in B it diops back into the vessel A ; and as 
this is provided with an efficient fractionating column E, only the 
lower-boiling butyl chloride can pass up into the chlorinating 
chamber B ; the dichlorides are thus removed from the sphere o 
action of the chlorine and thus escape further chlorination. Th 
liquid in A is finally fractionated and the dichlorides separated 
a and b are regulating thermometers. 

There are thus produced the dichlorides 
1 : 2 CH 3 CH.,CHCl.CH i ,Cl (B.P. 125), 

1: 3CH3.CHCirCH0.CH2C! (B.P. 137), and 
1 : 4CH 2 C1.CH 2 CH 2 .CH 2 C1. These dichlorides are then 
Fig. 164a. passed over hot soda lime at a temperature of 470° C., 

Pirn’s Chlorinating Apparatus, whereby hydrochloric acid is abstracted and butadiene 

formed, thus:— 

Soda lime 

ch 3 .c nci. ch 2 . c f u u--> ci l-=ci i—cii=ch 2 . 

—HCl Butadiene. 

Harries ( Annalen , 1911, 383, 181) also uses butyl alcohol and produces the bromide 
CII 8 CHBrCH 2 CH 2 Br, which he also passes over heated soda lime. 

The commercial success of this method depends upon the production of cheap butyl alcohol. 
This is obtained by fermenting starchy mashes with r ernbach s Cultures, whereby a large yield 
of fusel oil containing no less than 65 per cent, of butyl alcohol is obtained (see pp. 314, 333). 

2. Butadiene from Aldehyde.— Perkin (/oc. at) also proposes to obtain buta¬ 
diene from aldehyde (which is prepared from alcohol, and thus from starch) by treating 
it with very dilute potassium carbonate whereby aldol, CH 3 CH(OH)CH 2 CHO, is pro¬ 
duced. This is reduced and yields 1: 3-butylene glycol, CH 3 CH(OH)CH 2 CH 2 OH; 
this is then converted into 1: 3-dichlorobutane, CH 3 CHC 1 .CH 2 CH 2 C 1 , by dry HCl 
gas; and finally butadiene obtained by passing this over hot soda lime as above 
described. 

Here the starting point is starch, in the form of potatoes or grain, which are fermented to 
alcohol, which is then oxidised to aldehyde. 
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3 . Butadiene from Light Petroleum.— Fr. Bayer Co., Elberfeld, 
English Patent, 448, 1912, produce butadiene from cyclohexane and its homologues 
(derived from light petroleum) by passing the vapours over hot contact surfaces, 
especially over a spiral of aluminium silicate heated electrically to a dull red heat. 
The unchanged hydrocarbon is returned to the boiler, whilst the gases are freed by 
cooling from liquid hydrocarbons and the butadiene extracted from them. In 
their French Patent, 437,387, 1911, they decompose petroleum or its fractions or 
residues by means of hot contact surfaces, e.g., a fraction of B.P. 7o°-ioo° C., obtained 
from Caucasian petroleum, is passed in a state of vapour over a coil of platinum 
heated electrically to dull redness. The unaltered petroleum is returned to the 
container, whilst the gases are freed from low boiling hydrocarbons by cooling, and 
the butadiene is isolated either by strong compression and cooling and fractionating, 
or by a chemical process such as converting it into its tetrabromide. Perkin and 
Weizman (English Patent, 9,722, 1911) pass 1: 2-butylene, CH 8 .CH 2 .CH: CH 2 
(obtained by cracking petroleum), over heated finely-divided copper, whereby a 
mixture of butadiene, CH 2 : CH.CH: CH 2 (by removal of H), and unchanged 
butylene results. The butadiene is then polymerised, and the unchanged butylene 
distilled off from the resulting caoutchouc. 


4. Butadiene from Phenol.—Fr. Bayer & Co. (English Patents, 8,100, 
1910; 18,935, 1911) produce butadiene by treating tetramethylenediamine, 

NHoCH 2 CH 2 CH 2 CH 2 NH 2 , with water and KOH, then adding methyl iodide, 
CHjI, in small portions, when we get formed tetramethylenehexamethyl diamine 
iodide, (CH 8 ) 8 IN—CH 2 —CH 2 —CH 2 —CH 2 N(CH 8 ) 8 I. This is converted into the 
hydroxide (CH 8 ) 8 (OH)N—(CH^—N(CH 8 ) 8 (OH) by silver oxide. When this is 
warmed it decomposes into butadiene, thus :— 


(CH S ). 




HO 


/ 


(CHjlg heat 

* ■ ■ ■ y 012=011—CH==CII 2 + 2 N(OI s ) s + 2H 2 0. 


n.cu 2 .cii. 2 .ch 2 .ch„.n^ 


\oH 


Butadiene. 


This is really a method of preparing butadiene from coal-tar through phenol by means of the 
following series of reactions:— 


CH 


CH* 

ch 2 

CH CH 

II 1 


/\ 

CH 2 CH* 

/\ 

ch 2 ch 2 

I 

H 

1 1 

0 , [ 1 

CH CH 

Sabatier and 

C 1 I 2 CH a 

cooii ch 2 

V 

Senderen. 

\/ 

CII 

/ 

COOH 



d>ii 



Phenol. 


NH 9 .OC(CH 2 ) r CO.NH 2 

Amide of adipic acid. 


HC10 


Adipic acid. 
NH 2 .(CIl2) 4 .NH t 

Tetramethylene 

diamine. 


5. Butadiene from Acetylene. —Heinemann (English Patent, 20,772, 1908) 
produces butadiene by heating acetylene and ethylene together in a tube heated to 
dull redness, thus:— 


CH=CH + CHjr=CH 8 CHjf^CH—CH=CH 2 

Acetylene. Ethylene. Butadiene. 


Manufacture of ^-Methyl Butadiene (Isoprene, Methyl Divinyl), 

CH, = C(CH,) - CH = CH, 

1. Isoprene from Amyl Alcohol (Fusel Oil).— W. H. Perkin (Journ. Soc. 
Chem. Ind., 1912, 621) proposes to produce isoprene from isoamyl alcohol, 

*7 
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(CH 8 ) 2 CH.CH 2 .CH 2 OH, derived from commercial fusel oil, by converting it into 
the chloride (CH 8 ) 2 CH.CH 2 CH 2 C 1 , and then chlorinating this isoamyl chloride 
in a Pirn’s apparatus (p. 366^), so as to produce dichlorides, viz., isopropylethylene 
dichloride, (CH 8 ) 2 CH.CHC 1 .CH 2 C 1 (B.P. 142* C.); ^m-dimethyltrimethylene di¬ 
chloride, (CH 8 )CC 1 .CH 2 .CH 2 C 1 (B.P. i52°-iss°); and / 3 -methyltetramethylene 
dichloride, CH 2 C 1 .CH(CH 8 ).CH 2 .CH 2 C 1 (B.P. i7o*-i72*). These dichlorides when 
passed over hot soda lime (at 470“ C.) produce isoprene, the soda lime extracting 
the elements of hydrochloric acid, thus:— 


II S C, II Al 
>|C—C— C—xi 

H * c/ dl H i 


Soda lime 

- > 

—*HCl 


H*Cv 

\c—CH=cn,. 
CH / 

Isoprene. 


The isoprene coming over is condensed by a freezing mixture and purified by 
fractionation. 

Since amyl alcohol is derived from starch, this is a method of obtaining isoprene from starch. 

2. Isoprene from Light Petroleum. —Isoprene has been produced from 
light petroleum or oil gas by isolating isopentane by distillation, converting it into 
dichlorides by halogenating, and passing the resulting dichlorides over hot lime, 
which removes the elements of hydrochloric acid and produces isoprene. 

For example, C. Harries (German Patents, 243,075, 1910, and 243,076, 1910) passes the dihalo- 
genides, C 6 H 10 (HaI) 2 , or the monochlorhydrines, C B H ]0 (OH)(Hal), over soda lime or magnesium 
oxide heated to 6oo° C., whereby isoprene is produced in yields varying from 30 to 60 per cent, 
of the theoretical. The following substances were used :— 

(CH 8 )«CC 1 .CHC 1 .CH*, (CH 3 ) 2 CBr.CHBr.CH„ (CH 3 )oC(OH).CHC 1 .CH„ 
and (CH 8 ) 2 .C(OH).CHBr.CH 8> 

and better yields were obtained with the bromides than with the chlorides. 

The Badische Anilin- u. Soda-Fabrik (French Patent, 435,312, 1911) convert isopentane derived 
from petroleum or oil gas into monohalogen derivatives by submitting a mixture of Cl and an excess 
of isopentane to the influence of a mercury vapour lamp. The chloroisopentanes are then treated 
with hot lime, which removes HC 1 and forms trimethylethylene, (CH 8 ) 2 C = CH 2 .CH 3 . This is con¬ 
verted into the dichloride (CH 8 ) 2 .CC1.CC1.CH 2 CH3, and pure isoprene is prepared from this by 
passing it under reduced pressure over a catalytic agent such as alumina or BaCl 2 heated to 350° C. 

3. Isoprene from Turpentine Oils. — Tilden in 1884 (Journ. Soc. Chem., 
45. 411) showed that isoprene can be obtained by passing turpentine oil through 
an iron tube heated to a dull red heat, but the yield was only 6 per cent. Silberrad 
(English Patent, 4,001, 1910) finds that the yield is greatly increased if the 
turpentine vapour is produced in a highly tarefied condition. Heinemanrt (English 
Patent, 14,040, 1910) obtains isoprene by passing the vapours of turpentine oil 
over heated, finely divided copper or silver at 45o°-48o° C. Harries (Zieb. Ann., 
1911, 383, 228) showed that good results are obtained by passing the vapours of 
turpentine oils over an electrically heated wire, the isoprene escaping, on account 
of its great volatility, through the top of a reflux condenser, while the heavier 
boiling turpentine oils are returned to the flask below. Fr. Bayer & Co., Elberfeld 
(French Patent, 438,789, 1911), pass nopinene (B.P. i65 # -i 66 # ) over electrically 
heated surfaces and obtain a 20 per cent, yield of isoprene. 

4. Isoprene from Acetylene. —Heinemann (English Patent, 21,772, 1907) 
produces isoprene first by combining acetylene and ethylene to form butadiene 
(divinyl) by passing the mixed gases through a tube heated to dull redness; the 
resulting butadiene is next converted into the methyl derivative by heating with 
methyl chloride:— 

QjHj, + QjH 4 - > CHg=CH. CH=CH a . 

Acetylene* Ethylene. Butadiene. 

CH,=CH—CH—CH a + CH.C 1 - > CHa=C.(CH,) - CH—CH. + HCI. 

Butadiene. Methyl Isoprene. 

chloride. 

5. Isoprene from Para-Cresol (Coal Tar Product).—Fr. Bayer & Co., 
Elberfeld (English Patent, 8,100, 1910; 18,935, I 9 11 ) produce isoprene by heating 
/J-methyltetramethylenediamine, NH 2 .CH 2 CH(CH,).CH 2 .CH 2 .NH 2 , with KOH, 
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water, methyl alcohol, and methyl chloride, CH 8 C 1 , in an autoclave for twelve hours 
at ioo* C., whereby the compound C1(CH 8 )3N.CH 2 .CH(CH3).CH 2 CH 2 .N(CH.) 8 C1 
is produced. This is converted into the base by replacing the Cl with OH by 
treating with silver oxide in the usual manner. The base, when distilled, breaks 
up into isoprene, thus:— 


(CH s )s ^(CH,), 

^N.CII 2 .CH(CH 8 ).CH a .CH a .N<f 
HD/ 'DH 


CII*=C(CH S )—CH=CH 2 + 2N(CH s )s + 2H a O. 

Isoprene. 

Homologues of isoprene may be produced in a similar manner (see Butadiene, 
p. 366 c). 

This method really starts from Coal-Tar, for the / 3 -methyltetramethylenediamine is derived 
from Para Cresol by the following series of reactions (Dr Hofmann, of Bayer & Co.) 


CH 

/\ 

CH a CH a 


COOH^CH* 

COOH 

/3-Methyladipic 

acid. 


CH* 


C 


/\ 


HC CH 

1 II 

H 

HC CH 

A 

Sabatier and 

Senderens. 


I l 

CH fl Cl 


OH 

/-Oretol from 
coal-tar. 


CH S 

CH, /CH —CH, 

Nil,—CH,—CH-CH,—CH,—NH, < HCIO CH, cu 2 

^•Methyltetramethylenediamine. I | 

CO.NHjj CO.NH, 

[Amide of ^-Methyl- 
adipic acid. 

6 . Isoprene from Starch or Sugar through Laevulinic Acid. —Heine- 
mann (English Patent, 13,252, 1910) converts starch or sugar into laevulinic acid, 
CH 8 .CO.CH 2 .CH 2 .COOH, by boiling with dilute HC 1 or H^SO^ and distilling the 
acid with phosphorus trisulphide at I3o°-i4o* C., whereby thiotolene distils over:— 


/ 

CH*—CO 


CH a —CH a 
do. OH 



.CH —CH. 
CH,.C<' JXH 


Laevulinic acid. 


Thiotolene. 


If phosphorus pentasulphide is used in place of the trisulphide, thiotenol, 
.CH—CH 

CH,.Cs^^ j f is obtained. 

The thiotolene or thiotenol is converted into isoprene by passing either com¬ 
pound mixed with hydrogen over finely-divided copper or iron at a temperature of 
30o*~5oo* C. In the presence of hydrogen the sulphur is eliminated and combines 
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with the metal forcing a metallic sulphide, which is then reduced by the excess of 
hydrogen to free metal. The final product is isoprene:— 


XH—Cli 

CH ,—cf I + 2H, 

\ S Jh 

Thiotolene. 


CII 3 -Cf 

\CII==CHw 


Isoprene. 


II^S 


Above 500* C. the Isoprene is converted into its polymer dipentene, C 10 H 16 . 

7. Isoprene from Acetone (compare C. Harries, Annalen , 1911, 383, 
164).—Acetone is treated with ethyl magnesium bromide by Grignard’s process, 
and is then transformed into tertiary amyl alcohol, thus:— 


CH^ CHj^OMgBr I^O CH, 

CH/ ' > CH/ \CH S CH 


*3 

Acetone. 


><° U 

ch/ N:h,ch, 

Tertiary amyl alcohol. 


CH. 

>C=CH.CII, 

CH/ 

Trimethylethylcoe. 


CH,. 

-> >C—CH.CH, 

CH/ | | 

Br Br 

Trimetby leth ylene 
dibromide. 


Hot lime CH ; 


% 


-HBr CH y 


C—CH=CH* 


Isoprene. 


It will be remembered that in a similar manner butylene dibromide yields butadiene 

Hv -aHBr Hv 

>C—CH—CH, ->■ >C—CH=CH 2 

CH/ | | CH/ 

Br Br 

Butadiene. 


Acetone is derived from Wood Distillation (p. 333), but is also now produced by fermentation 
processes (Fernbach) from starch. 


Manufacture of /3-y-Dimethyl butadiene (Di-isopropenyl, Dipropylene) 

(See Couturier, Ann. Chint . Phys ., 2 6 , 485 (1892); Bull. Soc. Chim . (3), 33, 454 (1880); 
Kondakow, Joum. Prakt . Ch. (2), 59, 299 (1899) ; 62, 175 (1900), 63, 113 (1901), 64, 109 (1901). 
See also German Patent, 57,466, iv. 12, of the Badische Anilin- u. Soda-Fabrik, and English 
Patent, 2,312, 1912, of Fr. Bayer & Co., Elberfeld.) 

This substance has technical importance, since Kondakow showed that it can be 
polymerised into a caoutchouc which is capable of vulcanisation, producing an 
elastic sheet of good firmness. /2-y-dimethyl butadiene can be prepared from 
Pinacone, (CH 8 ) 2 .C(OH)—C(OH).(CH 8 ) 2 , by heating with dilute sulphuric 

acid (Couturier), or by heating pinacone dichloride with alcoholic potash (Konda¬ 
kow). Technically the best way is to lead pinacone over heated potassium bisul¬ 
phate (German Patent, 57*466, 1912), according to the patented method of 
Meisenburg and Delbruck (Fr. Bayer):— 

CHyy /CH, — H t 0 CHjv /CH, 

>C-c< -> jc-< 

ch/ 1 1 x:h, ch/ ^ch, 

OH OH 

Pinacone. /9-y-dimethyl butadiene. 

Pinacoae is obtained from Acetone by reducing it with magnesium amalgam (Holleman, 
Rtc. des Pays Bas , 25, 206 (1906); Zsntralbl. , 1906, ii. 748):— 

2CH,.C0.CH, + 2H ->■ (CH,)*C(OH) - C(OH).(CH,) a 

Acetone. Pinacone, 


Manufacture of Synthetic Rubber by Polymerising Butadiene, 
Isoprene and its Homologues 

Butadiene, isoprene and its homologues can be polymerised into caoutchouc- 
like bodies by a great many methods, all of which are protected by patents. 
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i. Polymerisation by Metallic Sodium. —Polymerisation of the whole 
mass of butadiene or isoprene by the catalytic action of small quantities of sodium 
at a low temperature was discovered independently by Dr Matthews and C. Harries 
in 1910. The action is practically quantitative, and is not seriously affected by the 
presence of impurities like trimethylethylene, (CH 8 ).C»CH.CH 8 , which are not 
capable of polymerising to rubber. The English patent was applied for by 
Matthews and Perkin on 25th October 1910 (English Patent, 24,790, 1910), while 
Harries, Bayer, & Co. applied for a similar patent three months later (English 
Patents, 1,125, 1911; 27,361, 1910 - 

In order to polymerise the isoprene to rubber it is sealed up in tubes with about 3 per cent of 
thin sodium wire, and heated for several days at about 6o° C. The dark brown product may be 
treated with acetone, which precipitates the rubber, and this may then be washed with alcohol or 
treated with steam to remove any unpolymerised hydrocarbon. Harries [Liebig's Annalen , 1911, 
383, 213) showed that when butadiene was heated in a closed tube to 35°-40* C., with about 
5 per cent, of sodium wire it similarly polymerised to produce an excellent rubber. From 9 g. 
butadiene he obtained 8 g. butadiene rubber—a practically quantitative yield—which could be 
vulcanised by either the hot or cold process. 

Since the action is catalytic, the bulk of the sodium is recovered unchanged. 
The method appears to be, technically, a very important one. 

f. Polymerisation by Spontaneous Change.— Isoprene has been observed 
to slowly change into rubber when kept, but the process is uncertain and too slow 
to be technically of importance. 

3. Polymerisation by Heating. —Heinemann (English Patent, 21,772, 
1907) heats isoprene in a sealed tube to ioo 0 -i5o ft C. for three days, with or without 
the addition of acids or alkalis or neutral catalysts. Fr. Bayer, Elberfeld (English 
Patent, 17,7341 1910) and G. Lilley (English Patent, 29,277, 1909) have also filed 
similar patents. F. Bayer (see French Patent, 433,825) polymerises by heating 
with anhydrides of fatty acids; e.g. y isoprene is heated to 150° C. with acetic 
anhydride. 

4. Polymerisation by Saturating with Oxygen or Ozone.— Heinemann 
(English Patent, 14,041) treats the cold isoprene with oxygen or ozone for some 
hours, and then heats the oxidised product in a closed vessel from 4o°-ioo° C. for 
many hours until the isoprene becomes viscous. The vessel is cooled and the 
mass freed from unconverted liquid by evaporating and precipitating the caoutchouc 
with alcohol. 

5. Other Methods of Polymerising. —Sunlight, concentrated HC 1 , alkalis, 
and other similar chemicals promote polymerisation. Blood serum, albumin, starch, 
urea, etc., also polymerise butadiene and isoprene (see English Patents, 15,254, 
1910; 1,124, 1911; 27,361, 1911). 

Commercial Production of Synthetic Rubber 

The synthetic rubber process of Messrs Strange & Graham (Synthetic Products 
Company, London) is as follows:— 

The starting point is maize, potatoes, or any other cheap starch-containing 
substance. Five operations are needed for producing synthetic rubber from this 
raw material:— 

Operation X.—Fermentation of maize or potato mashes into a mixture of 
higher alcohols (fusel oils) and acetone by means of Fernbach's fermentation 
cultures (pp. 3x4, 333). Two parts of fusel oil to one of acetone is produced, and 
43 per cent of the starch is converted into these products. The acetone and the 
fusel oil are separated from each other and from the watery residue by simple 
distillation. 65 per cent of the fusel oils consists of butyl alcohol.. 

Operation 2.— The fusel oils are treated with dry hydrochloric acid gas, and 
monochlorhydrocarbons are produced:— 

CHj. CHg. CH fl . CIIgOH + HQ « CH,.CH 2 .CH 8 .CH a .Ci + H,G 
Butyl alcohol Butyl chloride. 
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Operation 3. —The monochlorhydrocarbons are converted by means of chlorine 
into dichlorhydrocarbons in a special apparatus invented by Mr C. A. Pim, the 
desired product being removed from the raw material by the action of gravity, as 
described on p. 3 66b. 

ClCH*CH a CH ? CH 2 Cl + Cl = HC1 + CH 3 CHCI.CH 2 CH 2 C1 

Butyl chloride. Butylene dichloride. 

Operation 4. —The dichlorides are now converted into butadiene, isoprene, 
etc., by passing the dichlor derivatives over hot soda lime:— 

CH 8 .CHC1.CH 2 .CH 2 .C1 Hot soda lime CH a = CH - CH = CH a + HC1 
Butylene dichloride. — HC1 Butadiene. 

Operation 5. —The resulting hydrocarbons are now converted into rubber 
by allowing them to stand in contact with a small quantity of metallic sodium 
(made from common salt by electrolysis) whereby the liquid gradually polymerises 
to solid raw rubber in a few hours or weeks, according to the temperature employed. 
The sodium acts catalytically, practically none being used up. 

Cost of Production. —The starch in maize costs on the average less than 
id. per lb.; the only other raw materials required are: common salt costing 
30s. per ton, lime costing 30s. per ton, and coal, costing 15s. per ton. The total 
cost of the raw materials used for making 1 lb. of rubber does not exceed 2d. It 
is stated that the cost of producing 1 lb. of rubber by this process will not exceed 
4d. to 6d. per lb. 

The other commercial processes for making synthetic rubber start from coal-tar through the 
phenols, or from petroleum which can be “cracked” to give rise to hydrocarbons which can l>e 
converted into isoprene or butadiene. Another promising method lies in chlorinating the lighter 
fractions of petroleum and then passing them over heated lime. Patents for carrying out these 
operations are discussed in the preceding pages. As to the cost of production by these processes no 
data have been published. 
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THE INDUSTRY OF ALIPHATIC 
CHEMICALS 


By G. Martin, Ph.D., D.Sc. 

LITERATURE 

Very scattered. An account of the patents will be found in Winther’s “ Patents der Organ* 
ischen Chemie.” 3 vols. 1877-1905. 

ALIPHATIC ACIDS 
Oxalic Acid, H 2 C 2 0 4 .2H 2 0 

Until recently oxalic acid was obtained exclusively from sawdust (or other 
carbohydrate) by heating to 24o°-26o° for about six hours in iron pans with caustic 
alkali (40 parts KOH + 60 parts NaOH), usually in the proportion 50 parts wood 
to 100 parts alkali. On cooling, the material was thrown into iron filter boxes 
with wire-gauze false bottoms, and the substance washed with water drawn 
through the mass by means of a vacuum pump. The residue of sodium and 
potassium oxalate was heated while stirring with milk of lime in an iron pan, the 
caustic soda formed was drawn off and used again, while the insoluble calcium 
oxalate, after washing, was decomposed by dil. H 2 S 0 4 in wooden lead-lined 
vats, and purified by recrystallisation. 

Recently (German Patent, 103,856) the heating has been carried out in vacuo 
at 180 0 C.—a much lower temperature. Another process (A. Droste, German 
Patent, 199,583) mixes the sawdust, etc., with half its weight NagCOg solution 
(sp. gr. 1.04-1.1), adds KOH solution of same specific gravity, stirs, and rapidly 
adds the theoretical amount (determined by a previous experiment) of powdered 
permanganate, stirs, allows to stand twelve to twenty hours, when the wood is 
almost completely oxidised to oxalic acid. 

Manufacture of Oxalic Acid from Formates.— The recent synthetic 
methods of manufacturing formic acid has so lowered the price of formates that the 
synthetical manufacture of oxalic acid from them has become profitable, and may 
displace the older method. When sodium formate is heated to 360* (German 
Patent, 111,078) with sodium carbonate it produces sodium oxalate, thus:— 

H.COONa + Na 2 CO g = Na 2 C 3 0 4 + NaOH. 

Recent patents (German Patents, 144,150, 161,512, 204,895) taken out by the 
Elektrochemische Werke, Bitterfeld, allow a better and almost theoretical yield 
of oxalate by mixing sodium formate with sodium oxalate and about 1 per cent, 
of alkali, and heating, when, apparently, the formate decomposes catalytically, 
thus:— 

HCOONa COONa 

jj I 4 H 

H.COONa COONa * 

The formate first melts, hydrogen is evolved, and at 360* C. the mass solidifies 
again to a mass of technically pure oxalate in a porous condition. By heating in 
vacuo the change occurs at 280* C., and the evolved hydrogen is pumped off as 
fast as it is generated and used for heating purposes, etc. At the low temperatures 
employed there is no danger of explosion since the evolution of gas ceases instantly 
when the vacuum is broken. 
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The Acid Oxalates of Potassium (salts of sor.el, salts of lemon, 
KHC 2 0 4 and KHC 2 0 4 .H 2 C 2 0 4 .2H 2 0) are made by adding potassium carbonate 
to a suitable amount of oxalic acid and crystallising. Valuable domestic 
detergents. 

Antimony Potassium Oxalate, K 3 Sb(C 2 0 4 ) 8 . 6 H 2 0 , is used as a substitute 
for tartar emetic in calico printing. 

Uses. —Acid potassium oxalate, C 00 H.C 00 K.H 2 0 , is much used as a 
mordant for cloth printing and dyeing; oxalic acid itself is used for whitening 
leather, for metal polishing powders, for removing ink-stains and iron mould from 
cloth, for bleaching stearine and straw (for hats), for dissolving Prussian blue in 
ink-making (see Inks), etc. etc. 

Statistics. —The German exports of oxalic acid and salts are shown by the following 
figures: 1909,44,709 dr. ; 1908, 51,787 dz. ; 1907, 46,827 dz.* 

Of these amounts the following countries received :— 



1909. 

1908. 


U.S.A.. 

Great Britain. 

France . 

Dz. 

20,850 

5»478 

4,224 

Dz. 

26,368 

4,578 

5,351 

□ 


The German import in 1909 was only 17 dz. 

The United States imported in 1910, 4,833,000 lbs. (value $280,000), and in 1909, 9,800,000 
lbs. (value $621,000). 


Formic Acid, H.COOH 

Formerly formic acid was obtained by heating oxalic acid with glycerol. It is 
now prepared exclusively by passing carbon monoxide (CO) under 6-7 atmospheres 
over a mixture of calcined sodium carbonate and dry slaked lime, heated to 
ioo°-i7o° C.: t— 

NaaCOj + Ca(OH) a + 2CO = aH.COONa 4- CaC0 3 . 

Goldschmidt’s process consists in heating sodium hydrate to 150*-170* C. with 
carbon monoxide under 6-7 atmospheres presence. Yield theoretical. 

To obtain the free acid the sodium formate was formerly distilled with con¬ 
centrated sulphuric acid, whereby much acid was destroyed. It has been recently 
proved (German Patent, 193,509) by the Chemische Fabrik Griinan, Landshoff and 
Meyer, that acid sodium sulphate, NaHS 0 4 , may replace the sulphuric acid with 
advantage, since it does not decompose formic acid, and is a cheap by-product of 
the alkali industry. The technical sodium formate is thoroughly mixed with finely 
powdered sodium bisulphate, NaHS 0 4 (90 per cent.), and heated in retorts 
provided with stirring apparatus. A 97-98 per cent, formic acid distils over, while 
there remains in the retort a mass of finely powdered normal sodium sulphate, 
Na 3 S 0 4 . Aqueous solutions of formic acid are concentrated by distillation in 
columnar stills. A special still for continual distillation has recently been patented 
by Hamburgher (German Patent, 206,902). 

Anhydrous Formic Acid is prepared from dilute aqueous solutions by 
neutralising with lead carbonate, drying the lead formate, and decomposing in 
retorts (heated by hot water to ioo* C.) in a stream of H 2 S. PbS remains behind 


* 1 dz. = 100 kg. ssjV ton. 

t German Patents, 212,844, 179,515, 209,417, 212,641. 








TARTARIC ACID 


37i 


and anhydrous formic acid distils over, containing some dissolved H 2 S, from which 
it is freed by redistilling over lead formate. Distilling Na formate with NaHS 0 4 , 
as described above, yields an almost 100 per cent, formic acid. 


Uses. —Since its cheapened production, its use in industry increases rapidly, as 
it combines the properties of an aldehyde, a moderately strong acid, and a powerful 
reducing agent. It can consequently be used for a great many different purposes. 
It finds its chief application in the dyeing industry (especially in wool dyeing) 
where it is replacing acetic and lactic acid, and acid potassium tartrate (argol). 
Large quantities of formates are now used for making oxalic acid. It is also used 
as an antiseptic for preserving fruit juices; in brewing it is added to the mash, 
where it stimulates the fermentative power of the yeast, preserves the diastase in the 
malt, and prevents certain acid-producing bacteria from developing ; also used in 
tanning. 


Statistics. —The United States imported in 1909, 809,000 lbs. (value $57,000), and in 1910 
770,000 lbs. (value $54,000) of formic acid. 

For Acetic Acid see under Vinegar and under Wood Distillation. 


Tartaric Acid, COOH.CH(OH).CH(OH).COOH 
LITERATURE 

Rasch. —“ Die Fabrikation der Weinsauer.” Berlin, 1897. 

Stibfrl. — “ Das Raffinieren des Weinsteins und die Darstellung der Weinsteinsaure.” 

Vienna, 1894. 

Dammer.— * 1 Technologic der Neuzeit.” Bd. I., 662. 1910. (Dr Emde.) 

Allen. —“Commercial Analysis.” Vol. i. 1909. 

Four varieties of tartaric acid exist, viz., dextro, laevo (which rotate the plane of 
polarised light to the right or left, respectively), optically inactive racemic acid 
(decomposable into the above acids), optically inactive mesotartaric acid (not so 
decomposable). 

The only important commercial variety is the dextro-rotatory variety—ordinary 
tartaric acid. 


Manufacture of Tartaric Acid from Wine Lees.— Formerly the main 
raw product for the manufacture of tartaric acid was crude Argol or Tartar —the 
potassium salt of tartaric acid. Now the greater part is made directly from the 
wine lees itself. In the winter months there gradually settles out at the bottom 
of the fermenting wine vats a deposit consisting of yeast ceils, acid potassium 
tartrate, grape husks, etc. etc. When the wine is run off this mass is removed, 
pressed between filter cloths to remove excess of wine, then rapidly dried either in 
simple drying chambers, or in the air itself. It is then sold to the tartaric acid 
factories. 

The composition of lees is greatly altered by the habit, prevalent in Spain, of 
“ plastering ” the wine by adding to the wine an impure calcium sulphate, whereby 
the tartrate is converted principally into calcium tartrate, instead of remaining 
as acid potassium tartrate. 

The composition of some typical wine lees, as imported for manufacture, is 
shown by the following table by Warington:— 
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Wine Lees. 



Spanish 

Spanish 

French 


Wine Lees. 

I. 

Wine Lees. 
II. 

Wine Lees. 

Tartaric acid a<- acid tartrate 

5-27 

22.66 

4.48 

Tartaric acid as neutral tartrate 

19.13 

11.67 

21.34 

Total tartaric acid - 

24.40 

34-33 

25.82 

Water (at ioo° 0 .) - 

10.694 

9-750 

11.305 

Sand. 

4.900 

4.600 

4.600 

Alumina. 

0.832. 

0.578 

0.844 

Iron oxide 


0 214 

o .394 

Lime 

K>. 600 

4.514 

10.567 

Magnesia 

O.363 

0.209 

0.327 

K a O 

2.123 


1.868 

Na.,() * ... 

0.060 


0.100 

LA - - 

O.486 

0.569 

0.527 

CO a 

1 O 388 

... 

o .435 

Anhydrous tartaric and 

1 21.472 

30.210 

22.721 

Organic matter 

3+448 

33672 

37.952 


The great difficulty in working wine lees for tartaric acid anses from the fact that 
a slimy mass is produced on adding water or acid, which renders filtration difficult. 
Again only small amounts of taitaric acid (22-30 per cent.) are present, and con¬ 
sequently a very bulky residue remains after extracting the tartaric acid. The method 
now most largely used is Rasch’s Neutral Process (German Patent, 92,650). 

The liquid or pasty lees is placed in a rotating closed cylindiical chamber a, 
which is heated externally by a steam jacket to ioo°-i20° C. Within it are a 
number of heavy balls k, thus giving the chamber the function of a ball mill. The 
lees are dried by the heat, and all bacteria and spores killed; at the same time the 
rolling balls grind it up into a fine dust, while any wine or volatile oils present in 
the lees distil away through the pipe b and may be recovered, or if evil smelling, 

burnt in a furnace. The 



process takes three hours. 
The dry powdered lees are 
now placed in a wooden 
vat provided with stirring 
apparatus, cold water from 
a previous operation is 
added (1,500-1,800 kg. lees 
require 80 hi. water), and 
the whole is well stirred; 
next the calculated 


amount of calcium chloride 

solution necessary to form an insoluble calcium salt with the tartaric acid is run 
into the rapidly stirred mass, and then lime water gradually run in until the solution 
is exactly neutralised, which is tested with litmus. The process of neutralisation 
takes three hours. The temperature must not exceed 25 0 C. After stirring for a 
couple of hours longer the precipitate of calcium tartrate is allowed to settle, and 
the supernatant water drawn off. More water is added, the whole mass stirred up 
again for one hour, allowed to settle, and again the water is drawn off. This 
process is repeated eight times or so. The precipitate now left in the vat has 
added to it sufficient sulphuric acid to decompose all the calcium tartrate present, 
and in addition to provide an acid solution, which prevents fermentation of the 
acid:—CaC 4 H 4 0 6 + H 2 S 0 4 = CaS 0 4 + C 4 H 6 O 0 . 

The solid and liquid contents of the vat are then passed through the filter press; 
the expressed fluid, of sp. gr. 10* B&, containing the free tartaric acid is run into 
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crystallising pans, and there evaporated for tartaric acid. The first washings of the 
pressed cake are usually added to the tartaric acid filtrate and evaporated with this. 
The second wash water, however, is run back into the vat and used with a fresh 
lot of lees. 

If the colouring matter of the wine lees has been previously rendered insoluble by treating the 
moist lees with 1-2 per cent, of formaldehyde and drying as above, the mother liquors yield on 
evaporation the first time a crop of white crystals (German Patent, 194,812). The first evaporation 
is carried out in large wooden vessels lined with lead, heated by leaden steam pipes, and provided 
with stirring apparatus. The liquid is concentrated to 25 0 B 4 ., the precipitated CaS 0 4 is filtered 
off, and the tartaric acid allowed to crystallise. All mother liquors over 25° B£. must be concentrated 
in vacuum evaporators as not only is heavy loss avoided but better products of crystallisation are 
attained; the mother liquors when sufficiently concentrated are run out into large crystallising 
pans. The mother liquors for crystallising should contain 60-90 g. H a S 0 4 per litre. When necessary 
the mother liquors are decolourised with bone charcoal (previously extracted with HC 1 ) and potassium 
ferrocyanide. Sometimes, but only in exceptional cases, H a S or CaS is added to get ria of lead. 
When die tartaric acid is for edible purposes evaporation is carried out in earthenware vessels, thus 
avoiding the introduction of lead into the product. 

Manufacture of Tartaric Acid from Argol, Crude Tartar, or Cream of Tartar. —Before 
the method of working wine lees for tartaric acid was understood, almost all the tartaric acid of 
commerce was obtained from this source. It is now principally used for making potassium tartrate. 

Argol or crude tartar is the crystalline crust deposited on the sides of the vessels used for 
fermentation. It contains 40-70 per cent, tartaric acid, principally as potassium hydrogen tartrate, 
KH.C 4 H 4 O e . Its deposition is favoured by the fact that the salt is but sparingly soluble in dilute 
alcohbl. Very low grade Argols resemble superior wine lees, while best quality Argols may 
equal ordinary refined tartar. Cream of tartar or refined tartar is obtained by boiling crude 
argol with water, filtering, and crystallising. 

To obtain tartaric acid the crude tartar is boiled with water containing chalk, whereby half the 
tartaric acid is converted into insoluble calcium tartrate :— 

2KHC 4 H 4 O fl + CaC 0 3 = CaCJI 4 0 6 4 - K 2 C 4 H 4 0 6 4- CO a 4 - II 2 0 . 

Calcium sulphate is then added, whereby the remainder of the tartaric acid is precipitated as calcium 
tartrate:— 

K 2 C 4 HA 4 - CaS 0 4 = CaC 4 H 4 0 6 4 - KgS 0 4 . 

The precipitated calcium tartrate is strained through a sieve, filter pressed, washed, and converted 
into tartaric acid by treating with sulphuric acid, the CaS 0 4 being deposited and the solution of 
tartaric acid being drawn off and boiled down for tartaric acid crystals as previously described :— 

CaC 4 II 4 0 6 4 - II 2 S 0 4 = CaS 0 4 4 - C 4 H a O a . 


Properties.—Ordinary tartaric acid is soluble in 0.7 part of cold water and 0.5 part of boiling 
water; its aqueous solutions are gradually decomposed from the growth in them of fungus. 
Calcium sulphate, lead, and free sulphuric acid may be present in commercial tartaric acid. 


Uses. —By far the largest quantity of tartaric acid is consumed in the dyeing and calico-printing 
industries, being there used as a mordant, especially in the form of tartar emetic, KC 4 H 4 (SbO)O e . 
It is also used for effervescing medicines, baking powders, etc., also as a preservative for albumen, 
glue, gelatine, jellies, etc., for medicines, and for making chrysamine. 


Tartar Emetic, Potassium Antimonytartrate, K(Sb 0 )C 4 H 4 0 6 4 H 2 0 1 made by making 3 parts 
of SbgOg and 4 of cream of tartar into a thin paste with water, digesting on the water bath for thirty 
minutes, adding 8 parts of water, boiling, and filtering while hot. Octahedral crystals, soluble in 
14.5 parts of cold and 1.9 parts hot water. Used as a mordant in dyeing and calico printing, also 
in medicine. 

Statistics. —The German import of tartaric acid amounted to: 1909, 3,241 dz. ; 1908, 2,816 dz.; 
1907, 2,525 dz. 

In the same time she exported: 1909, 19,076 dz.; 1908, 17,259 dz.; 1907, 15,289. 

Great Britain received of this amount: 1909, 11,260 dz.; 1908, 9,484 dz. (1 dz. = 100 kilos=* 
about ton). 

The total import of tartaric acid and cream of tartar into Great Britain is shown by the 
following figures:— 

Tartaric Acid.—1906, 36,779 osrt; 1910, 44,584 cwt.; value in x 9io, £203,365- 

Cream of Tartar.— 1900, 64,287 cwt.; 1910, 81,983 cwt.; value in 1910, £307,000. 

The export from Great Britain in 1910 was 2,000 cwt. (value £8,000) of cream of tartar, and 
7,600 cwt. (value £31,000) of tartaric add. 

The United States imported in 1910, 28,400,000 lbs. (value 82,232,000) of tartar, and 104,000 
lbs. (value % 16,000) of tartaric acid. 


Citric Acid, COOH.CH 2 .C(OH)(COOH).CH 2 .COOH >(v 
Occurs in the acid juices of many fruits; it is obtained commercially from the 
leifton, the lime, and the bergamot by pressing the fruit, concentrating the 



374 


INDUSTRIAL CHEMISTRY 


expressed juice, heating nearly to boiling and running in, with constant stirring, a 
mixture of chalk and water. Calcium citrate is formed, and being more difficultly 
soluble in hot than in cold water, is precipitated. After filtering and washing, the 
crude calcium citrate is then decomposed with sulphuric acid similarly to the 
calcium tartrate in the manufacture of tartaric acid. Expressed lemon juice is a 
practically pure solution (6 per cent.) of citric acid and is the best raw material. 
The juice, however, is concentrated to 60 per cent, citric acid before treating with 
chalk. 

The following table (after Warrington) shows the amount of acid met with in the 
various citric juices which occur in commerce :— 



Specific 

Gravity. 

Acid. 

Combined 
Organic Acid. 

Lemon juice, raw 

,, concentrated 

Lime juice, raw English - 
„ raw Sicilian 

,, concentrated - 

Bergamot juice, concentrated 

1.035-1.040 
1.28-1.38 
1.04-1.05 

1.20-1.25 

1.22-1.25 

Oz. per Gallon. 
IO.6-13.5 
82-112 
II-13 

6-9 

56-72 

47*55 

Oz. per Gallon. 
O.4-O.7 

8-6 

0.3 

0.85 

6-8 

7-8 


It is interesting to note that an organism, Mutor piriformis (see German Patent, 72,957, 
C. Wehmer), is known which ferments sugar directly into citric acid ; lemon juice, however, is 
produced so cheaply in Sicily that no wide technical application of this fact has yet been made. 

Citric acid was formerly frequently adulterated witn the cheaper tartaric acid. For detection of 
the adulteration see Alienas "Commercial Analysis,” vol. i. p. 588 (1909). 

Commercial citric acid often contains sulphuric acid and lead. To free from lead it is treated 
with HjS, completing the crystallisation in non-leaden vessels. 


Properties. —Crystallises in colourless prisms with 1 molecule H 2 0 . Dissolves 
in three-fourths part of cold water or one-half part of hot water; melts, 7o°-75 # C. 

Statistics. —German imports: 1909, 3,990 dz.*; 1908, 5,537 dz. ; 1907, 4,481 dz. German 
exports: 1909, 3,668 dz. ; 1908, 4,537 dz. ; 1907, 3,566 dz. 

The quantity of lime and lemon juice imported into Great Britain in 1910 was: 685,557 gals, 
(value ^04,455). 

The United States in 1910 imported 142,000 lbs. (value $41,000) of citric acid, lemon and lime 
juice to the value of $65,000, and no less than 4,140,000 lbs. of calcium citrate (value $568,000). 

For the manufacture of Lactic and Butyric Acids see under Fermentation 
Industries, p. 315 - 


Preparation of the more common Aliphatic Chemicals 
II. ALDEHYDES 

Aldehydes are produced by oxidising primary alcohols: thus:— 

yyO 

R.CH a OH + O a R - C \ h + H »°- 

Primary alcohol. Aldehyde. 

Of the numerous aldehydes known we will only consider two, vis., Formaldehyde 
and Acetaldehyde. 


• Z dz. * xoo kilos=about ton. 
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Formaldehyde, H.CHO, 

Is at ordinary temperatures a pungent smelling gas condensing to a colourless 
liquid at - ai # C. It usually occurs in commerce either dissolved in water, when 
the solution is called “ Formaline,” or else in a solid polymerised form, (HCHO) $ 
known as “Trioxymethylene.” 

1. Manufacture from Methyl Alcohol.— The aqueous solution (35-40 
per cent.) is usually made by passing a mixture of methyl alcohol vapour and air, 
obtained by warming the methyl alcohol to 50° and drawing a rapid stream of dry 
air through it over “contact” substances, such as platinum, coke, copper salts, 
unglazed porcelain, etc., maintained at a low red heat. The methyl alcohol is 
oxidised to formaldehyde. The vapours pass into a number of condensing 
chambers arranged in series; in the first two chambers, which are empty, a 35-40 
percent, solution of formaldehyde (“formaline”) is deposited, which may be freed 
from a little unchanged methyl alcohol by distillation. 

In the other condensers a very weak aqueous solution of formaldehyde collects 
which is ultimately brought up to the correct strength by the passage of the 
methyl alcohol vapour. The reaction is :—CH a OH + 20 = H.CHO + H 2 0 . 

2. Manufacture from Methane Gas. —Several patents have been taken 
out recently for manufacturing formaldehyde cheaply from marsh gas, coal gas, 
coke-oven gas, or in fact any gas containing a considerable amount of methane. 

G. Glock’s Patent (German Patent, 109,014) consists in passing a mixture of methane, CH 4 (or 
a gas containing methane, such as coal gas), and air or oxygen in amount insufficient for complete 
combustion over red-hot “ contact ” agents, such as pumice, copper, asbestos, etc., a mixture of 
pumice and copper being especially efficient. The Saucrstoff- und Stickstoff-industrie Hansmann 
dr* Co. (German Patent, 214,155) use as the “contact agent” merely bark (either in lumps or 
ground), tar, or similar material. Here the temperature of formation is reduced from the 6oo° C. or 
so, necessary in the case of other contact agents, to 30°-50* C. The yield is 4.7 per cent, of theory, 
and it is proposed to use waste natural gas for the purpose. Methyl alcohol and formic acid are 
simultaneously produced. 

Moest (German Patent, 138,442) electrolyses a solution of sodium acetate and sodium perchlorate, 
and obtains at the anode 60 per cent, of the theoretical yield of formaldehyde and methyl 
alcohol (1: 2). The Bad. Anilin- und Soda-Fabrik, Ludwigshafen (German Patent, 185,932), pass 
a mixture of formic acid vapours and hydrogen gas over heated metals, such as iron, nickel, tin, 
lead, etc., or other catalytic agents. 

Goldschmidt (German Patent, 183,856) passes the vapour of formic acid over moderately heated 
tin oxide (180* C.). Tin formate is formed, which, at the temperature employed, breaks up into 
formaldehyde, COg» and tin oxide. Most of the formaldehyde at once condenses to para- 
formaldehyde which is easily obtained pure by sublimation, and the method, therefore, is a 
convenient one for the manufacture of paraformaldehyde. A considerable amount of methyl 
formate, H.COOCH a , is simultaneously produced, and is used either as such, or split by hydrolysis 
into methyl alcohol and formic acid. 

Paraformaldehyde is usually made by evaporating an aqueous solution of 
formaldehyde. It then remains as a white amorphous mass, (HCHO)*, which on 
drying passes into trioxymethylene, (HCHO) a . This body volatilises between 
i8o°*2oo° C., turning into formaldehyde again. It is sold in the form of pastilles. 

Uses. —Formaldehyde is used in very large quantities as a disinfectant, especi¬ 
ally of rooms. It is used as a preservative for crude, raw products in tanneries, 
knackers 1 yards, soap works, etc. It is often added to gums, glues, or starch 
solutions for a similar purpose. It is also used extensively in many industries, such 
as in leather making, in the indiarubber goods industry, in photography, etc. etc. 
It forms an insoluble compound with gelatine, and condenses with phenols, etc., to 
form bone substitute, etc. It is also used by gardeners to protect plants from 
parasites. 

The Formaline of commerce contains about 35 per cent, of formaldehyde, and 
has a sp. gr. 1.079*1.081, as is shown by the following table;— 
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Specific Gravity of Formaldehyde Solution (Formaline) at 18.5* (Ziittke) 


Per Cent 
HCHO. 

Specific 

Gravity. 

Per Cent. 
HCHO. 

Specific 

Gravity. 

Per Cent. 
HCHO. 

Specific 

Gravity. 

Per Cent. 
HCHO. 

Specific 

Gravity. 

1 

1.002 

11 

1.027 

21 

1.052 

3 i 

1.076 

2 

1.004 

12 

1.029 

22 

I -°55 

32 

1.077 

3 

1.007 

13 

1.031 

23 

1.058 

33 

1.078 

4 

1.008 

14 

1-033 

24 

i.o6x 

34 

1.079 

5 

1.015 

15 

1.030 

25 

1.064 

35 

1.081 

6 

1.017 

16 

1-039 

26 

1.067 

36 

1.0S2 

7 

1.019 

17 

1 041 

27 

1.069 

37 

1.083 

8 

1.020 

18 

1.043 

28 

1.071 

3 * 

«-°fg 

9 

1.023 

19 

1.045 

29 

1.073 

39 

1.086 

10 

1.025 

20 

1.049 

30 

1.075 

! 40 

1.087 


Statistics.—The United States imported in 19x0, 34,000 lbs. of formic acid (value $9,000). 


Acetaldehyde, CH 8 .CHO, 

Is largely manufactured from the first runnings of rectifying stills in the manufacture 
of spirits. It is formed by the oxidation of alcohol; when crude alcohol is purified 
by treating with animal charcoal a considerable amount of acetaldehyde is produced. 
Acetaldehyde is sometimes manufactured by oxidising alcohol (3 parts) with 
KjOjOy (3 parts) and 16 parts of H 2 S 0 4 solution (25 per cent.). The acetaldehyde 
(B.P. 2i* C.) distils from the mixture, and is absorbed by dry ether; then dry 
NH S gas is led into the ethereal solution and the aldehyde separated as aldehyde 
ammonia. This, when distilled with dil. HgSO* yields acetaldehyde, which is 
dehydrated over CaCl 2 . 

Properties. —Colourless, mobile liquid with a peculiar odour. B.P. 20.8* C.; 
M.P. - 120° C.; D # , 0.8009. Mixes in all proportions with water and alcohol. 

Uses. —For making quinaldine, quinoline yellow, hydrazine, etc. 

Paraldehyde, (CH 8 CHO) 8 , a liquid polymer of acetaldehyde (obtained by 
treating acetaldehyde with small quantities of acids or salts—such as HC 1 , H 2 S 0 4 , 
ZnCi 2 , etc.—at ordinary temperatures), finds some application in medicine as a sleep 
inducer. 


III. ALCOHOLS 

For the manufacture of Methyl Alcohol, see under Wood Distillation. 
For Ethyl Alcohol see under Spirits. For Butyl and Amyl Alcohol 
see under Fusel Oils, p. 314- 

IV. HALOGEN DERIVATIVES 
Methyl Chloride, CH 8 C 1 , 

Is obtained from the residues of beetroot molasses, p. 163, by distillation with lime. 
The aqueous distillate is neutralised with HC 1 and the methyl alcohol distilled off. 
The residual liquor is then concentrated, NH.C 1 crystallises out, while the mother 
liquors contain trimethylamine chloride, N (C H a ) 8 . H Cl. These are evaporated to 
dryness and heated to 350* C. with HCl under pressure, when methyl chloride is 
formed: (CH 8 ) B N.HC 1 + 3HCI«3CH g Cl + NH 4 C 1 . (Vincent, see Ding. Pal 
230, 272; “Jahresber.," 1878, 1135.) Wetnland 6* Sckmtd (“ Ber.” (1905), 38, 
























CHLOROFORM 377 

2327) show that dimethylsuljfoate readily yields CH a Cl when allowed to flow 
into a warm very concentrated solution of KCl:— 

KCl + (C 1 I 8 ) 2 S 04 = - CH 8 Cl + K.(CH 8 ).S 0 4 . 

To purify the gaseous CH S C 1 , it is washed with water, dried with concentrated 
H 2 S 0 4 , and condensed to a liquid in strong steel cylinders. 

Properties. — Gas; sweet odour; B.P. -24° C.; M.P. - 103° C. Used in 
making aniline colours; also for producing cold. 

Ethyl Chloride, C*H ft Cl, and Ethyl Bromide, C 2 H 6 Br, 

Are manufactured by mixing concentrated H 2 S 0 4 (2 parts) with 96 per cent, 
alcohol (1 part), and, after standing, diluting with water (| part), adding KCl or 
KBr (1 part) and distilling. Ethyl chloride, B.P. 12.5° C., is used as a local 
anaesthetic; it produces great cold when it evaporates. Ethyl Bromide, B.P. 
38° C. This preparation is used as an anaesthetic. Crude commercial ethyl 
bromide is now made by allowing 6 parts of bromine to slowly flow into a mixture 
of 1 part red phosphorus and alcohol, shaking and cooling continually during the 
operation. It always contains traces of poisonous phosphorus compounds. 

109 gals, (value ^534) of ethyl chloride and 77 gals, (value, £13) of ethyl bromide were 
imported into England in 1910. The duty on ethyl chloride is £1. is. iod. per gallon, and on 
ethyl bromide is. 5d. the lb. See also General Anaesthetics. 

The import into the United States was 5,800 lbs. (value $4,900) in 1910. Duty 30 per cent. 


Chloroform, CHC1 8 

1 . Manufacture by Heating together Alcohol and Bleaching Powder. 

—The action is complex, chloral (see under) being first formed, which decomposes 
in the presence of the calcium hydrate of the bleaching powder into chloroform and 
calcium formate. Aldehyde is simultaneously produced :— 

4Ca(OCl) 2 + 2G 2 H a (OH) = 2CCI3.CHO + CaCla + 3Ca(OH) a + 2lI a O 

Calcium Alcohol. Chloral, 

hypochlorite. 

2CC1 8 .CH0 + Ca(OH) 2 = 2CHCI3 + Ca^ICO*)* 

Chloral. Chloroform. Calcium formate. 

300 kg. of 96 per cent, alcohol and 1,300 I. of water are placed in iron boilers 1.40 m. in 
height and 2 m. in diameter, provided with powerful stirring apparatus, a man-hole (for charging 
with bleaching powder), inlet tubes lor steam and water, and, in the cover, a tube for leading away 
the evolved vapours into the condenser, which consists of a copper spiral immersed in cooling water. 
Now 400 kg. of bleaching powder, containing 20-22 per cent, available chlorine, is gradually added 
while the stirring apparatus is in rapid action, the man-hole closed, and the vessel heated by steam 
until the temperature reaches 40* C. The steam is then shut off, but the temperature continues to 
increase. Wnen it reaches 45 0 C. the stirring is stopped. At 6o° C. the action reaches a maximum, 
and any further temperature increase is prevented by running cold water over the generator. A glass 
tube let into the leading tube as it comes from the condenser to the collector allows the operator to 
see at this stage a fine rain of chloroform, water, and alcohol blowing through the outlet tube into 
the vessel for collecting the distillate. 

This vigorous action lasts for about a minute, and then chloroform begins t% distil over in a rapid 
stream, and is received in tinned iron vessels. The issuing air, saturated with CHCl a vapour, is 
caused to bubble through water, and is thus freed from chloroform. When about 30 kg. of CHC 1 # 
have distilled over, the stirring apparatus is again set in action until the distillate ceases to separate 
out into two layers, the heavy chloroform being underneath. At this stage the receiver is changed, 
and the distillation continued until the distillate ceases to give a turbidity with water, when it 
contains no more chloroform. The receiver is again changed until the distillate Acquires the 
density 3* Tralles. The operation is then stopped, the lime being run off through a valve placed 
in the bottom of the generator. Yields 31-31.5 kg. Chloroform. The dilute alcohol distilled over 
is mixed with the requisite amount of alcohol to make it of the same composition as the original 
alcoholic charge, and is used again for repeating the operation with a new charge of bleaching powder. 

The chloroform contains alcohol and ether; it is purified by rectification. 
When it is to be used as an anaesthetic, the commercial chloroform is washed in 

28 
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succession with distilled water, with dilute (2.5 per cent.) H^SO^ (for two to three 
days); with a 3 per cent, solution of NaOH, and finally again with distilled water; 
it is dried over fused CaCl 2 , a small amount of poppy-seed oil added, the whole 
distilled, and the distillate, which should boil at 6i° C., is mixed with 2 per cent, 
of pure absolute alcohol. This is done because CHC 1 8 , especially under the action 
of light, undergoes a slow spontaneous decomposition, with formation of chlorine 
and the poisonous phosgene gas, COCl 2 (to whose influence many fatal accidents 
have been traced); the addition of a small percentage of alcohol increases the 
stability of chloroform. The chloroform is kept in stout bottles with ground glass 
stoppers, rendered air-tight with chromatised gelatine. Pictet purifies CHC 1 8 by 
freezing at - 70° C. to - ioo w C., and centrifugalling the crystalline mass from the 
impure liquid portions. 

2. Manufacture from Acetone and Bleaching Powder. —The process 
is much the same as with alcohol, but the yield is better, 100 kg. acetone giving 
175 kg. CHCI3. 270 parts of bleaching powder are mixed with 800 parts of water, 
and gradually added to 22 parts of acetone and 70 parts of water. CHC 1 3 is 
generated, with the evolution of heat, and distils off. Towards the end of the 
reaction, a gentle external heating is applied. 


3. Manufacture by Besson's Continuous Process.— By this process 
(German Patent, 129,237) chloroform is obtained from alcohol in almost theoretical 
quantity, and in an extremely pure state; moreover, the process has the great 
advantage of being a continuous one. Alcohol, as free from water as possible, is 
chlorinated by dry chlorine gas until the chlorination product attains a density of 
2 5 °‘ 35 ° Be., or even more, whereby chloral hydrate or a similar body is produced. 
The chlorinated alcohol is now treated with milk of lime or other caustic alkali 
with gentle heating, when pure chloroform is evolved, probably according to the 
equationCCl 8 .CO.H + NaOH - CHC 1 8 + HCOONa. 

Fig. 166 illustrates Besson’s apparatus :— 

A stream of alcohol slowly runs from c into the vessel «, flowing in succession over a number of 
shallow trays b, placed one below the other as seen in the figure. A stream of dry chlorine gas 
eiders by d, meets the stream of flowing alcohol, saturates it, and escapes through h. The 
chlorinated alcohol collects in the holder e and thence pours into the funnel-like base of the 
chlorinator <2. Fragments from the vessel— e.g., lead chloride, etc., produced by the" destructive 
action of chlorine on the leaden walls—can be run off into g. k are steam coils for producing the 
necessary degree of warmth for the chlorination to take place most readily. The chlorinated alcohol, 
together with any vapours (which are condensed in j) flow through a cooler j up the tube 0 into the 
vessel m , which is charged with bleaching powder. The mixture is slowly forced thence, by means 
of a screw worm, through q into the large chamber /, also containing a screw worm r and steam 
heating coils s. A stream of milk of lime is slowly forced into the apparatus from «, and the worm 
r slowly mixes and forces the mass along the chamber l and out through t. The chloroform vapours 
escape through tubes w in the cover of the apparatus, through x into the condenser /, or direct into 
a rectifying apparatus. 

It is stated that 100 parts of alcohol yield from 95-105 parts of pure chloroform. 


4. Among other methods of manufacturing chloroform may be mentioned : (a) the electrolysis of 
an alcoholic solution of CuCl 2 (not a commercial success up to the present): (b) by distilling pure 
chloral with NaOH;—CCI3.CHO + NaOH=CHC 1 3 +HCOONa yields a very pure product; (r) 

when salicylidc, \ CO^— an anhydride produced by warming salicylic acid with 

phosphorus oxychloride—-is dissolved in crude chloroform, it crystallises out with two molecules of 
CHClo. On distilling the crystals on the water bath perfectly pure CUC 1 8 distils over, leaving 
behind the salicylide to be used again for another operation. (Anschutz.) 


Properties. —Colourless liquid, with sweetish pleasant taste and smell. B.P. 
61.5° C.; D 15 , 1.5008. When used as an anaesthetic contains 2 per cent alcohol. 


For further information see under Anaesthetics, p. 602. 


Uses. —Largely in medicine as an anaesthetic. Technically it is used as a 
solvent, especially for rubber, gutta-percha, etc. Also as a cleansing agent. 
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Statistics. —German exports of CHCl t ,: 1908, 1,300 clz. : 1909, 1,480 dz. (1 dz. = ico kilos 
* 1V ton.) 

The English import of chloroform was 1,774 lbs. (value ^299), and the expoit 1,531 lbs. (value 
^158) in 1910. The duty on chloroform is 4s. 4d. the lb. 

The United States imported in 1910, 967 lbs. of chloroform (value $1,400). The American duty 
is 10 cents the lb. 


Chloral, CCl 8 .CHO; Chloral Hydrate, CC1 3 .CH(0H) 2 

Manufacture. —A slow stream of dry chlorine gas is led into 96 per cent, 
alcohol, at first in the cold, but afterwards with gentle warming (6o° C.), until HCl 
ceases to be evolved. 7 kg. alcohol require two weeks for complete chlorination. 
The action is complex, but finally chloral, CCl a .CHO, is formed as a heavy oil. It 
is purified by treating with concentrated H 2 S 0 4 , then distilled from H 2 S 0 4 , dried 
and rectified, the part passing over between 94°-95° C. being pure chloral. It 
forms an oily liquid, with a penetrating smell. D 0 , 1.541; B.P. 97 0 C. On 
keeping it passes into solid metachloral. 



Fig. 166.—Besson’s Process for the Manufacture of Chloroform. 


To produce chloral hydrate I00 parts of chloral are mixed with 12.25 parts 
of water, when combination ensues and a mass of large monoclinic crystals are 
produced. Chloral hydrate heated with alkalis yields pure CHC 1 8 . Heated to 
57 0 C. it decomposes to chloral and water. It is used in medicine as a sleep 
producer, but is now being replaced by other more efficient drugs. (See Hypnotics, 
p. 608). 

The English duty on chloral hydrate is is. 9d. the lb. The English import of chloral hydrate 
was 20,000 lbs. (value ^3,400) in 1906, and 28,800 lbs. (value ^2,760) in 1910. 

The American duty on chloral hydrate is 55 cents, per lb. (1910). The United States in 1910 
imported 171,000 lbs. (value $152,000). 

Polychlorals, (CCl 8 .CHO)* (see Hypnotics, p. 608), 

Are produced by treating chloral with amines (such as pyridine) or chloral hydrate 
with concentrated H a S 0 4 (see German Patents, 165,984, 170,534). They are 
soluble in water and are used as anaesthetics and hypnotics. 











38o 


INDUSTRIAL CHEMISTRY 


Dormiol, 

A liquid soporific, is chloralamylalcoholate, CC] 8 .CH(OH).OC 6 H n , produced from 
chloral and amyl alcohol. 

Hypnal, 

Similarly produced from chloral hydrate and antiypyrine, has the formula:— 

C u H 12 N 8 O.CC 1 3 .(OH) 2 . 

Dimethylethylcarbinolchloral, Cl 8 .CH(OH).O.C(CH 8 ) 2 .C 2 H 6 , 

Is produced by warming to 6o° a mixture of chloral hydrate and amylene hydrate, 
C*H 6 .C(CH 8 ) 2 .OH. 


Chloralformamide, CCl 8 .CH(OH).NH.CHO, 

Is similarly produced from chloral and formamide. 

Chloralacetonechloroform, CC 1 3 .CH( 0 H). 0 .C(CC 1 8 ).(CH 8 ) 2> 

Is similarly produced from acetone chloroform and chloral hydrate (German Patent, 
151,188). A valuable local anaesthetic and hypnotic. 

Iodoform, CHI 8 

Iodoform was formerly exclusively made by warming alcohol or acetone with 
iodine and caustic soda or alkaline carbonate; more recently Dr Marius Otto 
(German Patent, 109,013) made it by simply leading ozone into a mixture of 
potassium iodide (55), sodium carbonate (10), alcohol (300), water (100), warmed 
to 50* C. By far the greater part, however, is now made electrolytically, a very 
pure product being thus obtained (Elbs and Herz, Zeit.f Eiektroch, 1897, 4, 113 ; 
Forster and Mewes, loc\ cit '. (1897), 4, 268; J. pr. ch, ., 1897, 56 , 353). A solution of 
sodium carbonate (5), potassium iodide (10), alcohol (20), water (100), is subjected 
to electrolysis at 6o° C. by a current density (anodic) of 1 ampfere per 1 sq. dm., 
using a porous cell as diaphragm around the anode; the cathode may be surrounded 
with a cell of parchment paper and a stream of C0 2 passed through the liquid. 
The nascent oxygen set free at the anode liberates the iodine from the KI, which 
then combines with the alcohol and water to produce iodoform :— 

C 2 II 5 OH + zol + H 2 0 « CHI 3 + 7HI + CO* 

The iodoform is hourly removed and the solution made up to its original 
strength by the addition of NasCOg, KI, and alcohol. Iodoform is a somewhat 
volatile yellow solid, with a characteristic odour, largely used as an antiseptic 
for wounds. 

Statistics. —In 1909 Germany exported 216 dz. of iodoform and bromoform. (I dz. = 100 
kilos ton.) The United States import in 1910 was only 31 lbs. 

V. THE ETHERS 
Ether, Sulphuric Ether, (C 2 H 6 ) 2 0, 

Is prepared on a very large scale by heating to boiling (i4o’-i45* C.) in a large 
lead-lined vessel a a mixture of 9 parts concentrated H 2 SO, and 5 parts 96 per 
cent, alcohol, while simultaneously a constant flow of alcohol into the boiling 
liquid takes place from a tank b through a leaden pipe dipping into the liquid. 
The inflowing alcohol is added at such a rate that the volume of the mixture 
remains unchanged and the continuous ebullition proceeds smoothly without 
breaks. * 
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The following action takes place:— 

(1) CjjUjj.OH + H 2 SO, = CoH|,.H.S 0 4 + IT/). 

Alcohol. Sulphuric Ethyl hydrogen Water, 
acid. hulphate. 

(2) CaITa.II.SO4 + C 2 H 5 OH = C 2 II,—O.C 2 II a + h 2 so 4 . 

Ethyl hydrogen Alcohol. Ether. Sulphuric acid, 

sulphate. 

Side actions simultaneously take place, producing suiphonic acids and esters 
(eg., H 0 .CH 2 .CH 2 .S 0 2 . 0 .C 2 H r# ) which are found in commercial ether (see Prunier, 
Comp. Pend., 1897, 124, 1028, 1239). The sulphuric acid, although continually 
regenerated, gradually becomes diluted with water and is partially destroyed by the 
side actions, so that after a time its efficiency ceases. 600 kg. of H 0 S 0 4 (sp. gr. 
1.840) suffice to convert 40,000 kg. of 96 per cent, alcohol into ether In the course 
of a six weeks’ continuous operation. 



Kraflt and Koos (German Patent, 69,115) in their process replace the sulphuric acid by benzene 
Suiphonic acid and thus avoid the formation of volatile suiphonic acids :— 

(1) C 0 II a .SO 3 H + Q*H a OH = C 6 H fi .S 0 3 .C 2 H 5 + 

(2) c„u g . so 3 .cyi a + eyi a OH = c 8 n 5 .soyi + (cyi a ) 2 o. 

A recent proposal by Schroter and Sondag (“ Ber.,” 1908, 41, 1921) to replace sulphuric acid by 
methionic acid, CH 2 (SO s H) 2 , promises to become important. If a mixture of alcohol and methionic 
acid is heated to 140° and a stream of alcohol allowed to flow into the liquid as described above, 
ether and water continually distil over while the methionic acid undergoes no change. The method 
is especially valuable for producing ethers of high molecular weights. For example di-iso-amylether 
is produced by merely heating amyl alcohol with one-tenth of its weight of methionic acid. 

The ether distilling away from a passes by means of the tube c into the 
condenser d and runs into the tank £, where it is agitated by stirrers with milk of 
lime or sodium carbonate solution in order to remove any acid carried off. 
Permanent gases produced ip the reaction (e.g, ethylene) escape through the 
tube dd into the air, the condenser g returning any ether vapour to d and E by 
means of the tube hK 
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The crude ether is now drawn off and separated from alcohol by rectifying in 
an ordinary still. It is then carefully rectified in columnar stills. 

Methods of Purifying Commercial Ether.— The usual process for 
purifying ether consists in shaking with water (which removes alcohol) and dis¬ 
tilling. Dr H. Timpe (German Patent, 124,230) obtains a pure water and alcohol 
free ether without distillation by shaking it with aqueous H 2 S 0 4 , of 30-50 per cent, 
concentration, which absorbs both water and alcohol. Most of the water taken 
up at 18° C. may be frozen out by cooling the ether in a freezing mixture. The 
purest sorts of ether are obtained by treating with metallic sodium which destroys 
all water and alcohol, distilling, and keeping over sodium. 

The laboratory method of purifying commercial ether consists in washing twice with water, 
keeping two days over calcium chloride, treating with sodium wire for two to three days until 
hydrogen ceases to be evolved, and distilling over phosphorus pentoxide. It should be kept in 
stout bottles with stoppers waxed in, or else over sodium wire in a bottle provided with a calcium 
chloride tube. 

Properties. —B.P. 35* C. at 760 mm.; M.P. - 113* C.; Do, 0.736: D 15 , 
0.720. 100 parts ether dissolve 3 parts water; 100 parts water dissolve 10 parts 

ether. Vapour very inflammable and forms an explosive mixture with air. An 
excellent solvent for organic compounds. 

Uses. —Used as a solvent and extracting agent, especially in the manufacture 
of celluloid, etc. etc. Also used as an anaesthetic for minor operations, since its 
vapour produces first intoxication and then unconsciousness. 

Statistics.—The English import was : 1906, II. 57 gals. ; 1910, 337 gals. ; value in 1910, ^286. 
The English export was: 1910, 334 gals, (value ^156). The duty on ether is £1. 16s. 6d. the 
gallon (1910). 

The United States in 1910 imported 337 lbs. of ether (value $66). The duty is 8 cents per lb. 

Methyl Ether, CH 8 .O.CH 8 , 

Is prepared from methyl alcohol and sulphuric acid in exactly the same way that 
ordinary ether is prepared from ethyl alcohol and sulphuric acid. Colourless gas, 
with ethereal odour, condensing at -21° C. to a colourless liquid. 1 vol. H 2 0 
dissolves 37 vols. of the gas, 1 vol. H 2 S 0 4 over 600. Used instead of ammonia in 
ice-producing machines. 


VI. THE ESTERS (also called ETHERS), including 
FRUIT ESSENCES. 

These are produced by heating together a mixture of an alcohol and an organic 
acid, usually in the presence of some dehydrating agent, such as sulphuric acid, 
dry HCl gas, etc. The mixture is then fractionally distilled. Many esters are 
conveniently prepared by dissolving the organic acid in the alcohol, saturating the 
mixture with dry HCl gas, separating the ester as an oil by adding water, drying, 
and distilling. 

Ethyl Formate, H.CO.OC 2 H 6 , 

Is prepared by distilling a mixture of alcohol, oxalic acid (dehydrated), and glycerol. 
The oxalic acid splits up into formic acid and C 0 2 . The nascent formic acid 
immediately combines with the alcohol, giving the ester. Volatile liquid, B.P. 
54.5* C. ; used in the preparation of artificial rum and arrak. 

Ethyl Acetate (Acetic Ether), CH 8 .CO.OC 2 H 6 , 

Is prepared on a large scale by boiling together a mixture of alcohol, acetic acid, 
and H^SOa, usually in a steam-heated copper still, provided with a rectifying column 
The distillate flows into a vessel provided with stirring apparatus, and is there 
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washed with alkali to remove H 2 S 0 4 , then with water, dried over CaCl 2 , and 
rectified over calcined magnesia. It is less frequently prepared by heating dehy¬ 
drated sodium acetate with concentrated H 2 S 0 4 and alcohol. Ethyl acetate may be 
freed from alcohol by heating for thirty minutes with a reflux condenser over P203, 
and then distilling. 

Properties and Uses. —Pleasant smelling liquid, B.P. 77.5 0 C.; used as a 
solvent in making smokeless powder, and in other industries as well. Much used 
as a synthetic agent in chemistry, for example in the manufacture of antipyrine. 
Also used for perfuming fruit juices, spirits, etc., and in medicine. 

The English import of ethyl acetate (acetic ether) was 3,241 lbs. (value ^221) in 1906; 
1,501 lbs. (value, .£57) in 1910. The export in 1910 was only 56 gals, (value £2). The duty on 

ethyl acetate is 2s. 7d. the pound (1910). 

« 

Glycerol Acetate, Acetine, C 8 H 6 .( 0 .C 2 H 8 0 ) 8 , 

Is obtained by heating together glycerol and glacial acetic acid. Used as a solvent 
(possessing certain advantages over alcohol, etc.), for induline and other colouring 
matters employed by the calico printer as a steam colour; also employed as an 
adulterant of peppermint oil and other ethereal oils. Said to be employed for 
gelatinising and lowering the freezing point of nitroglycerine (see p. 624). 

Ethyl Butyrate (Butyric Ether), CH a .(CH 2 ) 2 .COOC 2 H 5 

The ethyl butyrate of commerce is really a mixture of the ethyl esters of normal 
butyric acid, CH 8 .(CH 2 ) 2 .COOH, and of other similar acids. It is obtained: 
(1) by distilling rectified butyric acid with alcohol and sulphuric acid; (2) by 
saponifying butter with caustic soda and distilling the resulting soap with alcohol 
and H 2 S0 4 ; (3) the pod of the carob bean, Siliqua dulcis, is chopped up, mixed 
with chalk mud, and allowed to ferment. The pod contains 2 per cent, isobutyric 
acid, (CH 3 ) 2 .CH.COOH, and 40 per cent, sugar; this ferments to w-butyric 
acid, and, after some weeks, the calcium butyrate is isolated and distilled with 
alcohol and sulphuric acid, when the ester is produced. 

The substance is used for flavouring purposes; B.P. no°-i2i° C. 

400 gals, (value ^278) were imported into England in 1910. The export was 5 gals, (value £ 6). 
The duty on ethyl butyrate is £1. is. iod. per gallon. 

Amyl Butyrate, CH 8 .(CH 2 ) 2 .COOC 6 H n , 

Is obtained in a similar manner to ethyl butyrate, replacing, however, the alcohol 
by fusel oil amyl alcohol. Used in making “apricot essence.” 

Amyl Acetate, CH 8 .CO.O.C 6 H n , 

Is obtained from amyl alcohol and acetic acid by heating in the presence of 
H 2 S 0 4 , distilling, or by saturating the mixture with dry HC 1 gas, adding water, 
and separating the oil. Pure amyl acetate boils at 138° C. It has a pleasant 
“pear-like” odour, and, when mixed with ethyl acetate and alcohol (1:10), is sold 
as “Pear Oil” for flavouring confectionery, sweets, etc. Pure amyl acetate is 
used as a standard oil in photometry (Hefner Lamp). It is also used as a solvent 
for many technical purposes. (See pp. 49, 298, 312.) 

About 450,000 gals, of amyl acetate are annually employed in the United States as a solvent 
for the manufacture of artificial leather, lacquer, and other industries. It is used extensively as a 
solvent for various nitro-celluloses. Butyl Acetate , produced from butyl alcohol and acetic acid, 
has similar solvent powers to amyl acetate (see p. 314). 

Amyl-iso-valerate, C 4 H 9 .CO.OC 6 H n , 

Is obtained from amyl alcohol from fusel oil by oxidising it with potassium 
dichromate and H 2 S0 4 . 5 parts of powdered potassium dichromate are placed in 
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a vessel provided with a reflux condenser. 4 parts of water are added, and then a 
mixture of 1 part of the amyl alcohol, B.P. i29°-i3i 9 , and 4 parts of concentrated 
H 2 S 0 4 allowed to run slowly in. A vigorous action ensues, owing to the formation 
first of iso-valeric acid, which then unites with amyl alcohol to produce amyl-iso¬ 
valerate, thus: 3C 6 H 1? 0 + 20 a = (C 6 H n ). 0 .(C 6 H 9 0 ) + C 5 H 10 O 2 + 3 H 2 0 . When the 
reaction slackens the liquid is boiled until iso-amyl aldehyde (known by its suffo¬ 
cating smell) ceases to escape through the reflux condenser. The liquid is then 
distilled, the distillate neutralised with sodium carbonate, when the amyl-iso-valerate 
separates as an oil. This is run off, dried, and rectified. Another method of 
producing amyl-iso-valerate is to distil a mixture of 12 parts dehydrated sodium 
valerate with 8 parts of amyl alcohol and 12 parts concentrated H 2 S 0 4 . 

Properties.— Oily liquid, B.P. 188°. Has a pleasant smell of apples, and 
consequently is sold under the name “apple-oil” for flavouring sweets, liquors, etc. 

Amyl Caprionate, CH 8 .(CH 2 ) 8 .COOC 8 H n , 

Is the main constituent of cocoa-nut oil essence or cognac essence, which contains 
as well ethyl esters of caprionic, caprylic, lauric, myristic, and palmitic acids. It is 
obtained from the volatile acids of cocoa-nut oil (formed by saponifying the oil, decom¬ 
posing the resulting soap by H 2 S 0 4 , and steam distilling). The volatile acids are dried, 
mixed with amyl alcohol, saturated with dry HC 1 gas, and heated. (H 2 S 0 4 may 
be used instead.) After twenty-four hours the ester is separated as an oil by adding 
water, agitated with Na 2 C 0 8 solution, washed with water and rectified. 

The substance is used for flavouring artificial cognacs. It is very similar to 
wine oil, which is obtained by distilling wine (see p. 251). 

Methyl Benzoate, C 6 H 6 .CO.O.CH 8 , 

Is obtained by distilling benzoic acid and methyl alcohol with H 2 S 0 4 . Used in 
perfumery as Niobe Oil. B.P. 199.2 0 C. (746 mm.). 

Ethyl Benzoate, C 6 H 6 CO.OC 2 H 6 , 

Prepared by action of dry HC 1 gas on benzoic acid dissolved in alcohol. Separates 
as an oil on adding water. B.P. 213°. Used for manufacturing essences and 
perfumes. Also in synthetic chemistry, for introducing the benzoyl group into 
certain synthetic drugs, especially local anaesthetics. 

Methyl Salicylate, C 6 H 4 (OH).COO.CH 8 , 

Is obtained in a similar manner by distilling methyl alcohol, salicylic acid, and 
H 2 S 0 4 . Occurs naturally in oil of wintergreen (from Gaaltheriaprocumbens ). Used 
in perfumery and in medicine. 

Methoxymethylsalicylate, C 6 H 4 (OH).COO.CH 2 .OCH 8 , 

Used in medicine under the name “ Mesotan.” Manufactured by the Elberfelder 
Farbenfabriken (German Patent, 137,585) by heating monochlormethyl ether, 
CH 2 C 1 . 0 .CH 8 (prepared by passing HC 1 gas into a mixture of formaldehyde and 
methyl alcohol), dissolved in benzene, to 40* C. (not over) with sodium salicylate. 
The following action takes place:— 

C 6 H 4 ( OH). COONa + CH a .C 1 . 0 CH 3 = NaCl + C 6 H 4 (OH)COO.CHa.OCH 8 . 

The product is washed with H 2 0 , the benzene distilled off, and the oil distilled in 
vavuo . 

Ethyl Nitrite, C 2 H 5 .N 0 2 , 

Is obtained by mixing 3 parts crude 40 per cent. HNO s with 12 parts alcohol 
($p. gr. 0.834-0.830) and distilling on the water bath until red fumes appear, 
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neutralising the distillate with calcined magnesia, and pouring off from this after 
twenty-four hours; 3 parts of alcohol are added and then the whole is rectified. 

The substance decomposes, becoming acid on standing, when it must again be 
neutralised with magnesia and rectified. Ethyl nitrite boils at +16° C.; the 
commercial “ Ethyl Nitrite 99 is an alcoholic solution of the substance. Used in the 
manufacture of the cheaper kinds of essences; also in medicine. 

Amyl Nitrite, C 6 H u N 0 2 , 

Is prepared by heating pure amyl alcohol from fusel oil (B.P. 130**131* C.) to 
7o*-90° C, and then passing in nitrous fumes until the smell of the amyl alcohol 
becomes imperceptible. The product is as rapidly as possible neutralised with 
calcined magnesia (or dilute sodium carbonate solution), dried over CaCl 2 , and 
distilled on a water bath of boiling brine. The fraction 9o°-ioo° C. is collected 
and redistilled, when the pure product, B.P. 96° C., comes over. 

Amyl nitrite is a pleasant smelling liquid used in the manufacture of certain 
mineral waters, scents, sweets, etc., in spite of the fact that the substance is 
poisonous, causing headache, giddiness, and other unpleasant symptoms. It 
is used in the synthetic dye industry for preparing nitroso- and diazo-compounds. 
Also used to a small extent in medicine. 

We append here the constitution of some commercial fruit essences (also fruit ethers) com¬ 
posed of the above-mentioned esters. 

Apple Essence. —Amyl isovalerate, ioo; ethyl nitrite, 50 ; ethyl acetate, 50 ; acetaldehyde, 7| ; 
alcohol, 793 parts. 

Pear Essence. —Amyl acetate, 200; ethyl nitrite, 100; ethyl acetate, 50; alcohol, 645. 

Apricot Essence. —Amyl butyrate, 190 ; henzaldehyde, 35 ; alcohol, 770. 

Strawberry Essence. —Amyl formate, 9 ; butyric acid, 9 ; isovaleric acid, 18 ; acetic acid, 27; 
ethyl acetate, 13 ; essence of violets, 9 ; alcohol, 915. 

Cherry Essence. —Amyl acetate, 15 ; henzaldehyde, 10 ; sweet oil of oranges, I; cassia oil, 2; 
lemon oil, 2 ; oil of cloves, 2 ; amyl butyrate, 8. 

Peach Essence. —Amyl isovalerate, 100 ; amyl butyrate, 100 ; am>l acetate, 20; henzaldehyde, 
10; alcohol, 770. 

See also Synthetic Perfumes, p. 136. 

Statistics.—The United States in 1910 imported 1,000 lbs. (value $775) of fruit ethers. Duty 
b $x per lb. 
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The illuminating gas industry originated in England with Murdoch in 1792. 
London streets were illuminated by gas in 1813, Paris in 1815, Berlin, 1826. The 
industry is to-day an enormous one. England still produces the most gas, dis¬ 
tilling in 1909 nearly 16,000,000 tons of coal and producing 6,900 million cub. yds. 
of gas, representing 150 cub. yds. per head for the whole country and 292 cub. 
yds. for London. The introduction of Auer’s incandescent mantle in 1885 opened 
a new epoch in the coal-gas industry, which was at one time seriously threatened by 
the electric light industry. More recently the introduction of carburetted water 
gas, either alone or more usually mixed with ordinary coal gas (say 10-20 per cent, 
carburetted water gas in the coal gas), represents a fresh development, since by 
the addition of this gas the heating and luminous value of the gas can be greatly 
increased, and be made independent of external disturbances. 

The production of a luminous gas is now of less importance than formerly, and, indeed, with 
the general introduction of the incandescent mantle, may be dispensed with, the heavy luminous 
hydrocarbons merely serving as sources of heat (a cubic metre of coal gas should yield at least 
5,000 calories). The essential modem improvement, then, consists of producing luminosity not by 
glowing carbon particles (e.g ., the cause of the luminosity of the candle, oil, and ordinary gas 
flame), but by the more efficient glowing incandescent mantle. 

COAL GAS 

General.—Coal when heated in a closed space in absence of air undergoes 
destructive distillation, with the production of a residue of (a) coke, (b) tar, 
(f) aqueous fluid, and (</) gas. 



390 


INDUSTRIAL CHEMISTRY 


Besides coal, we find wood, peat, bituminous shales, brown coal, bones, certain oils, and 
residues left in the manufacture of beet sugar subjected to destructive distillation on the industrial 
scale with the object of obtaining valuable chemical products. 

Coal is subjected to destructive distillation (a) in gasworks, (b) in coke ovens, 
but with very different objects. 

In gasworks the main object is to produce gas for illuminating purposes, 
and the other products—such as coke, ammonia and tar—are by-products. In 
coke ovens, however, the main object is to produce coke for metallurgical 
operations, the gas, tar, and ammonia being here by-products. In gasworks the 
coal is heated in small closed earthenware retorts, whereas in coke ovens the coal 
is de-gassed in large fire-brick chambers. 

In Germany the coke ovens are greatly developed, over two-thirds of the total yield of tar and 
benzol being obtained from this source, together with very large amounts of illuminating gas. In 
England and the United States, however, coke ovens are but slightly developed, almost all the 
illuminating coal gas being obtained from gasworks. See p. 392. 

For the economical production of coal gas a special sort of coal—the so-called 
gas coal—must be used, which yields a large amount of gas of good calorific 
power. 

Gas coal usually contains 4-5! per cent. H and 5-16 per cent. O, but a mere chemical analysis 
yields little information as regards the gas value of a coal; different coals—even when analysing 
the same—often behave quite differently, and the suitability of a coal for gas production is best 
ascertained by actual trial on a large scale. In general 1 kg. of good gas coal (calorific value 
= 7,500 calories) should yield 300-350 1. of gas (calorific value, 1,500-1,850 calories) representing 
20-25 per cent, of the heating value of the coal. 100 kg. of good gas coal should yield 16-19 
kg. gas = 30-35 cub. m., 65-68 kg. coke, 5 kg. tar, 8 kg. ammoniacal water, and 3 kg. loss. Coal 
on storage undergoes rapid deterioration, a continual loss of gas.taking place, as well as surface 
oxidation. 


Manufacture of Coal Gas in Gasworks 

The Retorts. —In gasworks coal gas is always prepared by the destructive 
distillation of coal in small closed fire-clay retorts, externally heated to from 
950 0 -1,400° C. 

Horizontal Retorts. —The most common form is of D-shaped cross section, 
but oval and circular retorts are also known. They are usually set horizontally in 
beds of from three to twelve, heated by the same furnace. The walls of the ovens 
support the ends of the retorts, and a number of transverse partitions built in the 
ovens support them at intervals along their length. In large works these retorts 
are usually about 20 ft. long, and are fitted with an iron mouthpiece and self¬ 
sealing lid at each end. In small works shorter retorts, which are closed at one 
end, are used. 

a, Fig. 170, shows the retorts in cross section, and Fig. 168 represents a longi¬ 
tudinal section through the furnace. 

The hearing is now invariably done by gas firing in regenerative furnaces, the heat of the 
burnt gases being utilised in heating that of the entering air. By this means an enormous saving 
in the amount of coke used for firing has been effected — the old coke fires required for every 
100 tons of coal distilled about 30-40 tons of coke burnt, against 12-1$ tons now required. 
Consequently at the present rime at least 80 per cent of the produced coke is available for selling. 
Moreover since gas fires give a much greater heat (1,400° C. in the hottest part), a large yield of 
gas is simultaneously obtained. 

The firing gas, principally CO, passes into c (Fig. 168) from the gas-generator B, and is 
here mixed with a stream of pre-heatea air, and burns, encircling the retorts as it does so on evexy 
side; the hot burnt gases pass away through a system of brickwork channels, running parallel to 
which is a similar and separate system of channels conveying the entering air, which is thereby 
intensely heated before it enters the gas chamber. The exhausted gases finally pass away through 
D. Immediately under the generator B is a water-tank over the surface of wnich the entering 
air passes, so that it enters B charged with moisture, which has the double effect of cooling the 
gas-producer, thereby prolonging its life, and of producing a little water gas. The gas generated 
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in the retorts passes away up the tubes gg. Usually the gas is sucked out of the retorts by the 
' exhauster (p. 393), so that the gas inside is at a pressure slightly less than atmospheric pressure (the 
pressure must not be too low or air is sucked in). This is done in order to withdraw the heavy 
hydrocarbon gases as rapidly as possible from the heat, in order that they may not be decomposed. 
Nevertheless much gaseous decomposition occurs, and in consequence the inner walls of the retort 
become lined with ‘‘retort carbon.” Much of this carbon goes over as a fine dust with the gases 
into the hydraulic main. 

At the close of the operation, when all the gas has distilled over, the lid of the retort is loosened, 
the issuing gas carefully ignited, and the gas remaining in the retort allowed to burn quietly away. 
The coke is then raked out and rapidly quenched with water. The retorts are recharged as soon 
as possible after the withdrawal of the coke. The charging is often done by hand by means of 
long shovels (“scoop-chargers”), worked by three men. In larger installations, however, a 
mechanical charger is used, usually consisting of a travelling trolley running on rails up and down 
in front of the retoits and fitted with a “ scoop-charger” and coal hopper. 

In West's manual charging machine, worked by two men, there is a double scoop which is fed 
with coal from the hopper. When full the scoops are pushed into the retorts by a rod and 
reversed by means of a handle attached to the rod. The charger is then withdrawn. An apparatus 
for breaking up coal is also provided, with an elevator for transferring the broken coal to a hopper 
which supplies the hoppers of the chargers as required. A mechanical drawing apparatus is also 
used. This consists of a rake which is manipulated by means of a bar held in channel guides. 

Modern machine stokers, e.g. Fiddes-Aldridge, charge and recharge at one stroke. 

The retorts last for I-3 years, being kept 
during the whole of that time at a bright 
red heat. 

Inclined retorts set at an 

angle of 3o°-36° have come into use 
during recent years. These are 
usually about 15 ft. long, and of 
D-shaped cross section. The ’coal 
is poured into the retorts from a 
hopper, and the coke is withdrawn 
by opening the door at the lower 
end, when it falls out of itself, thus 
greatly diminishing the manual 
labour of charging and discharging. 

Vertical retorts have been 
tried, but until recently with little 
success. Now, however, there are 
on the market vertical retorts which 
are far superior to the horizontal 
retorts above described. It was 
formerly thought that the coal 
would swell up and prevent the gas Fig. 168.—-Longitudinal Section of Gas 

escaping freely, so that the resulting Retort Furnace, 

gas would be largely decomposed, 

and be poor in heavy hydrocarbons. Trial, however, has shown that the exact 
reverse holds true, the gas being of excellent quality on account of the fact that the 
inner core of coal remains relatively cool almost to the last, and the gas, escaping 
rapidly through this core, comes out rich in heavy hydrocarbons. The coke pro¬ 
duced is denser and harder than that of horizontal retorts, the tar much thinner, 
and the yield of ammonia 50 per cent, greater, while that of the cyanides is smaller. 
Moreover, much less space is taken up by the retorts, and charging and discharging 
are especially easy—the retorts being made slightly larger at the base, so that the 
coke readily falls out, while the charging occurs by means of overhead hoppers. 

Fig. 169 shows a vertical cross section of the new vertical retorts of Dr Bueb’s system as erected by 
the Dessauer Gas Anstalt. R are the retorts, ten retorts in two rows, or eighteen retorts in three rows 
usually going to a furnace. G is the gas generator, which is fed with coke through ef. The pro¬ 
ducer gas, mixed with air, circulates as a very hot flame around the retorts in the flues n% the not- 
burnt gases passing out through the regenerators /«, where it gives up its heat to the entering air, 
and finally escapes through the smoke-flue r. The retorts are charged with coal by the hopper a , 
and the coke withdrawn below, being discharged through c into a trench d. The gas escapes 
through the hydraulic main v into the gas-main it, while the tar runs away by k. 
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Continuous carbonisers, such as Woodall-Duckham and Glove* - West, have also been tried, 
and have proved very successful. Also coking chambers —similar to coke ovens—consisting of 
horizontal or inclined chambers, 2-3 m. high, and of a considerable length, holding 10-15 tons of 
coal, with a period of distillation of twenty-four hours (also continuous working ones), have been 

tried, and are fairly satisfactory. 



Fig. 169.—Bueb’s System of Vertical 
Gas Retorts. 


Course of the Distillation.— 

A temperature of about i,ooo° C. is 
required for the de-gassing of coal; for¬ 
merly a temperature of 960" C. was 
deemed sufficient, but now it is com¬ 
mon tO gO Up tO I,200°-T,400° C., 
and coal which has been heated to 
1,500° C. still retains some H, N, and 
O. In general, the higher the tem¬ 
perature and the longer the period of 
heating the larger the volume of gas 
produced. The gas which comes off 
first at the lower temperatures is rich 
in heavy hydrocarbons and possesses 
much illuminating and heating power. 
The last portion of gas, obtained at 
the highest temperature, consists prin¬ 
cipally of hydrogen, and is of poor 
illuminating power. In other words, 
the lower the temperature of produc¬ 
tion the better the quality of gas but 
the smaller the quantity. A large 
volume of gas is invariably produced 
at the expense of its quality. 


The following table shows this, the numbers referring to the volume of gas produced by distilling 
100 kilos of English gas coal at various temperatures :— 


Temperature of Distillation. 

Volume of Gas 
Produced in 
Cubic Metres. 

Candle-Power 
of Gas, 

! 

1. Dark red heat, 8oo 0 -i,ooo° C. 

23 4 

20 5 

2. Bright red heat, 1,000®- i,ioo° C. - 

27-5 

17.8 

3. White heat, i,200°-i,400° C. 

34 -o 

15-6 


The coal undergoes a loss of weight of 17-18 per cent. The following numbers show the 
variation in the composition of the gas evolved in successive stages of the distillation, the gas being 
collected in three successive lots of equal volumes 


Stage of Distillation. 

H. 

CH*. 

CO. 

Heavy 

Hydrocarbons. 

O 

O 

H 

Residue. 

1. First gas evolved - 

2. Intermediate gas - 

3. Last gas 

Per Cent. 
(Vol.) 
28.3 
49.O 
55-3 

Per Cent. 
(Vol.) 
46.6 

317 

27.2 

Per Cent. 
(Vol.) 

9-4 

8.1 

8.8 

Per Cent. 
(Vol.) 

9-4 

4-3 

1.7 

Per Cent. 
(Vol.) 

4.0 

2.0 

1.8 

Per Cent. 
(Vol.) 

2.3 

4.9 

5-2 


The various portions of gas when mixed together analysed as 11=45.2 per cent, CII 4 =35 per 
cent, CO =8.6 p ear cent, heavy hydrocarbons =4.4 per cent, and residue =4.8 per cent—all by 
volume. The original coal analysed as C=77.2 per cent, H = 5 percent, O -f N ^ 9.3 per cent, 
H 2 0=2 percent., ash=6* 5 per cent, and yielded 17* 7 per cent, by weight of gas=30. 2 cub. m. 
per 100 kilos. 
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The N contained in the coal passes over partly as NII 3 , partly as free N, a small fraction escaping 
as HCN, pyridine, quinoline, etc. The S (usually 0.5-1 per cent., sometimes 2 per cent.) escapes 
principally as H 2 S and CSo, but part remains behind in the coke. 

Purification of the Crude Gas. —The gas coming from the retorts is very 
impure, containing tar, moisture, ammonia, sulphuretted hydrogen, hydrocyanic 
acid, naphthalene, etc., from which it must be freed before use. 

The crude gas passes out of the retorts by the ascension pipes gg (Figs. 168 and 170), 
which lead it into the hydraulic main v (Fig. 170, shown in section in Figs. 168 and 
169), where the bulk of the tar and moisture condense. The hydraulic main usually 
runs along the top of the retort bench, and the dip pipes which enter it are sealed 
by the liquid in the bottom of the main. This liquid consists of a layer of tar 
above which is a layer of ammoniacal liquor, both layers being deposited by the 
gas which has previously passed through. The tar and ammoniacal liquor are 
drawn off by a pipe so as to keep a constant level of both liquids. The hydraulic 
main is often divided into several sections, each of which is provided with an 
outlet pipe passing into a large main f (Fig. 170) known as the foul main . The 
water seal in the hydraulic main is sometimes replaced by mechanical devices 
known as anti-dips. 

The gas is partly freed from ammonia, carbon dioxide, hydrogen sulphide, and 



Fig. 170.—Section of Gas Works. 


cyanogen by the liquor in the hydraulic main. It now passes into the air-con¬ 
densers b (Fig. 170) where it is further freed from a quantity of tarry matter by 
deposition. In some works vertical condensers are used, but often the pipes, which 
are from 50-80 ft. long, are arranged in nearly horizontal rows which are exposed to 
the air. They are connected to a second row which passes underneath the first and 
so on; frequently there are about a dozen of these rows of pipes, one beneath the 
other, and cooled in summer by dripping water. Then the gas (especially in 
Continental works) is subjected to water cooling in c c, which is specially useful in 
hot weather. 

Even after a very thorough cooling a portion of the tar remains suspended in the gas in the form 
of fine drops. Consequently in many works the gas passes into a “tar extractor,” where it is made 
to pass through a series of perforated iron plates. Fig. 171 shows Pelouze’s form, consisting of a 
hanging bell a suspended in water and made up of three layers of finely slit iron plates. The fine 
tarry drops in the gas condense to larger drops in passing through the slits, and so are separated. 
A regulator F raises or sinks the bell, and so regulates the rate at which the gas passes. Some 
ammoniacal liquid and practically all the tar is separated by this device. 

Either before or after the tar extractor is placed the exhauster . This is 
really a pump used to dra\v the gas from the retorts and condensers and to force 
it through the washing and purifying apparatus. Sometimes fans or blowers are 
used for this purpose, when the gas has to be driven a considerable distance 
through small mains. 


29 
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The gas now enters the water scrubbers i> (Fig. 170). In some of the older 
works these take the form of tall towers packed with coke or wooden checker- 
work, down which water or weak liquor from the hydraulic main and condensers 
mixed with the washings from the last stage of the washing process is caused to 

trickle. Two at least of these scrubbers are used 



in series. More usually, however, some form of 
washer scrubber is used in which the gas is passed 
in fine streams through water or dilute liquor. 
Such scrubbers are fai more efficient and occupy 
much less room. 

In the “ Standard ” washer scrubber (Fig. 172) bundles 
of non, or a combination of wood and iron 11R, attached 
to a horizontal shaft F are slowly re\olved, and thoroughly 
wetted by passing through water or weak liquor placed in 
the bottom of the washer. The gas is caused to pass 
through the wet bundles. The liquor passts through the 
apparatus in the opposite direction to the gas so that as the 
latter becomes more pure it meets a stronger solvent. Two 
such scrubbers in stilts are used, the first being fed with 
dilute liquor and the second with water. In the most 
modern form of this scrubber the bundles arc made entirely 
of wood. The “Ntw” washer scrubber has discs covered 
with bundles of Brazilian bass {f>iafaba) fibre winch press 
against the faces of the sections of the scrubber and the gas 
passes between the wet fibres Between each pair of 
scrubbing chambers there is a still (hambci. 


Tig. 171.—Pelouze’s Tar _ t . . . 

Extractor. In many works the gas before passing into the 

water scrubbers is passed through a scrubber half 
filled with tar oils of B.P. 2^o°^oo° C. in order to extrat t the final residues of 
solid naphthalene, C 10 H 8 . 


Although most of the naphthalene is condensed with the tar, yet some passes on as a vapour in 
the gas (1 cub. m. gas at 30 C. can bold 1 g. at 0° C., o 15 g ) and can lead to stopping 

up of the smaller section gas pipes. These tar oils take up over 16 per cent, naphthalene and are 



Fig. 172. —" Standard ” Washer Scrubber. 


then run off into the tar well. Since the tar oils could also extract benzol from the passing gas, they 
are charged with about 3 per cent, benzol to start with. 

In the scrubbers practically all the ammonia, much C0 2 , and some HgS and 
HCN are removed. The resulting ammoniacal-gas water contain^ about 2 per 
cent. NH 3 . The gas, however, still contains volatile sulphur compounds (princi- 
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pally H 2 S with a little CS 2 ), HCN, and C 0 2 , To remove these the gas now 
passes through a series of purifiers , e (Fig. 170). These are usually rectangular 
iron vessels, the dimensions of which vary according to the amount of gas for 
which they are intended. The sides of the lid dip into a water seal. Inside these 
vessels are placed horizontal wooden (sometimes cast-iron) grids, placed one above 
the other. The purifying material is spread on these to a thickness of about 8 in. 
The gas enters the purifiers at the bottom and passes out at the top. In some 
Continental works a different method has been recently introduced in which the 
horizontal grids are replaced by composite grids which are so arranged as to cause 
the gas to traverse the purifying material chiefly in a horizontal direction. 

A complete set of purifiers consists of eight vessels arranged in four pairs. As 
usually arranged the first pair are charged with slaked lime, the next two with 
hydrated ferric oxide mixed with sawdust or wood chips, and the third pair with 
sulphided lime (hydrated lime through which gas containing H 2 S but no C 0 2 has 
been passed). The last pair act as check vessels and contain lime and ferric oxide, 
or Weldon mud. Sometimes the iron oxide in the second pair of purifiers is 
replaced by Weldon mud which is essentially a hydrated manganese oxide and acts 
in the same manner as the ferric oxide. In this case the arrangement of the 
purifiers is sometimes altered, the second pair containing the sulphided lime and 
the third pair containing Weldon mud. The first pair always contains slaked lime. 

At first the C 0 2 and H 2 S in the gas are absorbed by the lime in the first 
purifiers, but as the free lime gets used up the II 2 S is liberated by further quantities 
of COo, so that ultimately all the H 2 S passes on into the second pair of purifiers 
where it is absorbed by the moist ferric oxide (or Weldon mud), with the formation 
of iron (or manganese) sulphide. The gas then passes into the third pair of 
purifiers where the CS 2 is absorbed by the sulphided lime. It then passes through 
the last pair which remove any remaining traces of II 2 S, and finally passes to the 
gas holder. 


Frequently the sulphided lime vessels are left out, and sometimes the purification of the gas 
after leaving the washer scrubbers is limited to passage thiough hydrated ferric oxide only or 
through slaked lime alone. 

This dry purification is not very perfect, since traces of sulphur (0.5 0.6 g. per cub. m.) and HCN 
still remain. 

The chemical actions which lake place are very various and complex. The slaked lime takes up 
CO a : (Ca(OH) 2 + CO 2 =CaC 0 s 4 I 1 2 0 ). It also takes up II 2 S, forming Ca(SII) 2 , which then 
reacts with any CS a forming the sulpho-carbonate, CaCS 3 . C 0 2 gradually decomposes the Ca(SH) a , 
thus: CO a + Ca(SH) 2 +H 2 0 ==CaC 0 3 + 2H 2 S. Moist iron oxide unites with the H a S, thus: 
2Fe(OU).*-f3lI 2 S = Fe 2 S s d 6II a O, and the iron sulphide may be regenerated either by exposing 
to air in heaps, or by mixing a little air (1*1.5 P er cent.) with the gas passing through the generator, 
when S is set free: Fe 2 S 3 +30= Fe 2 O s + 3 S, and further H 2 S is simultaneously oxidised in the 
presence of the moist iron hydroxide: H 2 S + 0 = H 2 0 + S, which here acts as a catalytic agent. 
When the iron hydroxide contains 40-50 per cent, free sulphur it becomes useless for purifying and 
is removed. 

Hydrocyanic acid, IICN, does not unite with the Fe(OII) 3 but with the iron sulphide, forming 
Prussian blue, Fe^CN)^. A part, however, unites with the NH 3 and HgS to form NH4S.CN, 
ammonium sulphocyanide. Where it is important to remove all HCN, the gas is (previous to 
passing into the purifiers) passed through a 20-25 per cent, solution of FeSG 4 + NH 8 contained in a 
standard scrubber, when the insoluble ammonium ferrocyanide, (NH 4 ) s Fe 8 .Fe(CN) 6 , is deposited, and 
one-third of the ammonia is fixed as ammonium sulphate: FeS 0 4 + H^ + NHossFeS-MNHJaSO*. 

E. V. Evans has shown (see J. Sec. Chem. /net., 1915, 34, 9) that CS 2 can be completely 
removed from gas by passing it over a catalytic nickel. 

Carburetted Coal Gas. —The luminosity of coal gas is sometimes increased 
by the addition of the vapour of very volatile hydrocarbons. This process is 
usually known as carburettmg. The most common oil used for this purpose is 
M carburine ” or light petroleum oil, but petroleum spirit is sometimes used, and 
also benzol. 

The carburine is placed in a steel tank which is sunk in the ground. It is pumped as required 
from this tank to the evaporator which contains a number of tubes heated externally by means of 
steam. The carburine passes through these tubes and in doing so becomes vaporised. The 
vapour then passes on through a regulating valve and an injector into the gas main. The amount 
Of vapour added to the gas is controlled by the regulating valve. 
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The following analyses show the difference effected in the composition of the 
gas by the purifying process:— 


i 

Impure Gas 
from Retorts. 

Purified Gas. 

H. 

Vol. per Cent. 
46 

Vol. per Cent. 
49 

ch 4 .... 

32 

34 

CO. 

8 

8 

Heavy hydrocarbons, C^Hg, C a H 6 , etc. 

4 

4 

nh 8 . 

1 

... 

HgS. 

1 

trace 

co a . 

4 

I 

Free N. 

4 

4 


100 

100 


Mixed Coal Gas. —Of rapidly increasing importance (and which may in the 
near future lead to a great change in the whole gas industry) is the practice of 
adding carburetted water gas (see below, next section) to the extent of 10-20 per 
cent to the coal gas. By this means the illuminating and heating power of the 
gas may be increased to almost any desired extent, while the gas company is 
rendered largely independent of the changing seasonal demand for gas, and of the 
partial failure of the coal-gas supply by an unforeseen accident. 

The following analysis shows the composition of a purified coal gas mixed with 
20 per cent, carburetted water gas :— 

II CII 4 CO H ' a ^H l Jc^: b0n! ” Nil, II 2 S CO a N 

Percent, vol. 50 27 14 4 ... ... 1 4 


Storage of the Gas is effected in large gas-holders (K, Fig. 170), “gasometers/’ of capacity 
IO,000-200,OCX) cub. m.—the largest in the world being in New York (500,000 cub. m.), which 
swim in deep water channels. The gas is distributed by means of a network of pipes, the main 

gas pipe being best of tarred cast iron, and 1 yd. in diameter. 
Through leakage in the distribution often 5 per cent, of gas 
is lost, though great improvements in this respect are now 
made. Usually 25 per cent of the cost of the gas is due to 
the cost of the distributing pipes. 

The quantity of gas used is measured by means of a 
“ gas meter,” which usually consists of a vessel 6 , half filled 
with water (or better, glycerol water to prevent freezing in 
winter time), and in which a drum rotates, which is divided 
into four compartments, a , a\ a", a!", as shown in Fig. 173. 
The gas enters the drum at g, and escapes through t and e. 
As the gas gradually enters at g, it forces the drum to rotate 
in the direction of the arrow, and the motion being com* 
municated by means of the axle on which the inner drum 
rotates to a clock-work arrangement, gives the amount of 
gas which has passed through. The level of the liquid in 
the gasometer must be kept the same (by the addition of 
water) if the readings are to remain the same. Dry gas 
meters are also in use, consisting of two leather bags, one 
of which fills as the other empties; also automatic meters, 
a penny slipped in causing the delivery of a certain fixed 
volume of gas. 

The pressure of the gas in the gasometer usually amounts 
to 70*80 mm., and passes out at the burners at a pressure 
of 25*30 mm., although now higher pressures than this are 
being used. 



Fig. 173.—Gas Meter 
(Section). 


Gas Leakage.—As small an amount as 0.02 per cent, volume of gas can be detected by its 
smell, which is due to traces of organic N and S compounds. When gas filters up through earth it 
sometimes loses all smell, and is then detected by palladium chloride paper, which turns black 
owing to the precipitating of metallic Pd by the CO. Long breathing of air containing only 2 per 
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cent, of coal gas (=o. 1-0.2 volume per cent, of CO), causes poisoning, r volume gas+ 6 volumes 
air is a maximum explosive mixture. Mixtures of less than 5 per cent, gas or more than 30 per cent 
are non-explosive. 


CARBURETTED WATER GAS 

Water gas is the general name for the mixture of gases obtained by the 
decomposition of steam by means of incandescent carbon. In practice either 
anthracite or coke is used, and the gases consist of a mixture of hydrogen, carbon 
monoxide, and carbon dioxide. The reaction is endothermic, so that heat must 
be applied or the incandescent carbon soon becomes cooled, when the reaction 
ceases. 

The mixture of gas burns with an intensely hot flame which is non- 
luminous. When it is to be used for illuminating purposes it must, therefore, 
be enriched by adding volatile hydrocarbons obtained by ‘‘cracking” or heating 
to a high temperature 
crude petroleum products, 
which burn with a highly 
luminous flame. A second 
reason for adding these 
hydrocarbons is to render 
the gas odorous, for the 
mixture is very poisonous, 
and being without smell it 
is highly dangerous unless 
thus mixed with some gas 
whose powerful odour 
renders it easy of detec¬ 
tion. This mixture is 
known as carburetted 
water gas. 

It is usual to pre¬ 
pare the volatile hydro¬ 
carbons (oil gas) and the 
water gas simultaneously 
in the same plant. The 
gases are mixed as soon 
as formed, and are then 
generally submitted to a 
high temperature in 
order to prevent the sub¬ 
sequent deposition of 
the hydro-carbons, which before this final heating are not strictly permanent 
gases. 

The forms of plant for the manufacture of carburetted water gas are very numerous and variable. 
They may, however, be broadly classed under two heads: (1) The continuous system, in which 
steam is passed uninterruptedly into a chamber containing the anthracite or coke, which is main* 
ained at the requisite temperature by external furnaces. This system secures a continuous supply 
of gas but is not economical, as a considerable portion of the heat is lost in passing through the 
wans of the chamber. It is very little used. (2) The intermittent system, in which steam and air 
are alternately blown into a mass of incandescent fuel, usually in opposite directions. The steam is 
decomposed by the hot carbon with consequent cooling of the mass, which is then raised to the 
required temperature by means of the air blast. All the common forms of plant at present in use 
belong to this system. They are all arranged so as to secure the production and maintenance of a 
sufficiently high temperature (about i,ooo° C.) in the ger^rator, the presence of a sufficient depth of 
fuel, and a means of regulating the supply of steam and air* 

Fig. 174 shows Humphrey & Glasgow’s apparatus. The generator A is a steel shell lined 
with firebricks. It is charged with anthracite or coke which is ignited and submitted to an air-blast, 
which is forced in through the tube g and enters at v, Part of the fuel burns to CO a , which, 
passing up through the hot coke, burns to producer gas (CO a + C=2CO). This passes away 
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j through i and enters the carburettor b, passes down this and then enters the superheater c at the 
bottom by means of the tube p. Both carburettor and superheater are steel shells lined with fire¬ 
brick ana filled with brick checker-work ; simultaneously with the entrance of the gas into them 
a stream of air from g is blown in through the side tubes //,/, d, e y causing the CO to bum and 
thus heat the brickwork in B and c to a red heat; the gas then passes out of the furnace through 
the opened stack valve z, escaping into the air as C 0 2 . In the Lowe process, as practised in the 
U.S. A., the production of CO and the subsequent blowing in of air into B and c to bum it is avoided 
by blowing air very rapidly through the producer A, so that a sufficiency of oxygen is present all the 
time, and only very hot CO a passes away into b and c and heats them to the required temperature. 
When the proper temperature of the different parts of the apparatus is obtained the air blasts are 
shut off, beginning with that of the superheater c, and the stack valve Z is closed. Steam is then 
blown into the generator A through the tube q y and is decomposed by the hot carbon in A according 
to the equation H a O + C=CO + H 2 . It then passes into the carburettor as water gas. At the same 
moment the oil is introduced into the carburettor B, being pumped in through the tube k, and 
falling on the red-hot bricks in b is gasified, its vapours mingling with the water gas and passing on 
to the superheater c, where the oil vapours are permanently gasified, and thence through / (where 
the incoming oil is preheated by the hot gas) into the washer d (consisting of a tower filled with 
coke down which water trickles), where it is washed and cooled, finally passing away at Y to the 
purifiers and the gas-holder. When the temperature of the mass of coke becomes too low the steam 
is shut off, the stack valve z opened, and the air-blast readmitted. 

The gas thus prepared contains rather less than 3 per cent, of carbon dioxide, 
and about 0.2 per cent, of sulphuretted hydrogen. It is practically free from 
ammonia and the other impurities commonly found in coal gas. The purification 
of the gas is, therefore, a comparatively simple matter: it is simply washed and 
passed through two “lime” and two “ferric oxide” purifiers in series. Sometimes 
a fifth purifier is added as a check to ensure the complete removal of carbon dioxide 
and sulphuretted hydrogen. The purifiers are similar to those used in coal-gas 
purification, but those containing .the lime must be large on account of the high 
percentage of carbon dioxide present in the gas. 

Since water gas (without the admixture of oil gas) possesses a calorific value of 2,500 calories per 
cubic metre, and pure oil gas one of 8,600 cAlories, it is clear that by gasifying a suitable amount 
of oil it is easy to obtain a gas of calorific \alue=? 5,000 K and of 16 candle-power illuminating 
power, and even of 20-25 candle-power (with more oil). Hence the addition of only 10-20 per cent, 
of this rich carburetted water gas to a ppor coal gas very essentially improves it (see pp. 389, 396). 

Very often “Cold Carburetting” is resorted to in Germany, the agent being 
benzol (C^H*,, B.P. 8i°, which at ip° C. can exist as vapour to the extent of 200 g. 
per cubic metre in water gas, corresponding to 6 per cent, by volume), and the 
carburetting is effected merely by leading the water gas through a tower down 
which a rain of Warm benzol is falling. 


OIL GAS 

Just as coal gas is prepared by the destructive distillation of bituminous coal, 
so oil gas is prepared by the destructive distillation of mineral oil. Several processes 
are in use for the manufacture of this gas, by far the most important of which is the 
“ Pintsch ” process. The gas is formed by the vaporisation of mineral oil. The 
most important oils used for this purpose are “ Mineral seal ” oil, Scotch shale oil, 
and Russian “Solar” oil. 

The manufacture of oil gas on the Pintsch system is carried out in gasworks 
somewhat similar to those used for the production of coal gas, but on a smaller 
scale. The main building is usually divided into three divisions, the retort chamber, 
the purifying chamber , and the engine-room . The gas-holder is placed at one end of 
the building, and the high-pressure stakeholders at the other. 

Fig. 175 shows a typical Pintsch oil gasworks. The oil is placed in a large tank 
sunk in the ground outside the building, from which it is pumped as required into a 
small cistern placed over the retort bench. A pipe leading from the cistern conveys 
the oil to the back ends of the upper retorts, the rate of flow being controlled by 
means of suitable valves. These retorts, which may be of cast iron or fireclay, and 
which are of Q -shaped section, are set horizontally in pairs one above tl>e other 



AIR GAS 


399 


and connected by cast-iron mouthpieces at one end. They are heated by means of 
the firebrick furnaces a. The upper retorts contain sheet-iron trays, which are some¬ 
times filled with coke, along which the oil flows to the front of the retorts, whence 
it descends through pipes to the lower retorts. The oil, which has now become 
changed into a thick yellow vapour, passes from the back of the lower retorts down 
the descension pipes into the hydraulic main, and thence through the condensers b, 
which are usually plain vertical iron cylinders, and the washer c, into the purifiers d. 
The latter are somewhat similar to those used in coal gasworks: the lower portion 
contains water, above which are wicker trays (usually three in number), covered by 
a layer of about 2 in. in depth of lime, or a mixture of lime and sawdust. The 
gas is caused to pass through the water and over the lime and thence through the 
meter e into the gas-holder f. It is finally pumped from this holder by means of 
the compressing engines G into the high-pressure storeholders h, where it is kept at 
a pressure of 10 atmospheres for a short time in order to enable some of the heavier 
hydrocarbons to settle out as a liquid at the bottom of the holders, after which it is 
ready for use. The tarry matter deposited in the hydraulic main, condensers, etc., 
is conveyed by means of pipes into the tar tank j, the quantity of tar thus obtained 
being usually about 5 to 6 gals, per 1,000 cub. ft. of gas. 

Pope's system of making oil gas is very similar to the above, but the oil is passed 
in a fine spray into the lower retort whence the vapours pass into the upper one for 
fixing. There are no trays in either retort. 

Keith's system is designed to give a large volume of gas, though at the expense 
of the quality. In order to effect this the retorts are flattened towards the middle of 
their length, thus promoting the contact of the oil vapours with the hot surfaces of 
the retort at this part. 

In Tatham's process about 15 per cent, of oxygen is added to the oil gas in order 
to increase the candle-power. 

Oil gas consists of a mixture of CIL, C2II4, C 2 H 2 » C«II fl , etc., possessing a very high illuminating 
and heating power; but it will only bum smokeless from burners with very narrow slit orifices. 
Since oil gas can be easily prepared in small plants and requires only a very simple purification, 
it was formerly much used for lighting factories or houses remote from gasworks, but has now 
been displaced by electric light. The principal users are the railway companies, who deliver it com¬ 
pressed to 10 atmospheres at the stations, and it is stored in the iron holders under the railway 
carriages under 6-8 atmospheres pressure. Until recently acetylene gas (25 per cent.) was mixed 
with it to improve its illuminating power, but now pure oil gas is again used, feeing burnt in special 
inverted incandescent mantle gas-burners, giving cheaper light than electric light. 

The great advantage of oil gas over coal gas is its power of retaining a large portion of its 
luminosity when compressed. Both gases under these conditions deposit liquid hydrocarbons, but 
whilst coal gas loses nearly the whole of its illuminating power oil gas only loses a comparatively 
small portion. It is therefore particularly suitable for use wherever it is necessary or desirable to 
store the gas under pressure, as in railway carriages, steamboats, lighthouses, and buoys. 


AIR GAS 

Air gas is the most serious rival with which acetylene has so far had to compete. 
It is economical, safe, and clean, the light is excellent, at least when used with 
incandescent mantles, and there is no troublesome by-product to be got rid of. It 
consists of a mixture of air and the vapour of some volatile hydrocarbon, usually 
petrol or darburine, but sometimes benzol. The mixture may contain too little 
hydrocarbon to form an explosive mixture or too much, it must either con¬ 
tain not more than 2 per cent, or not less than 7 per cent, of petrol vapour. 
In the first case the gas is always used with mantles as it burns with a non- 
luminous flame, in the second it may be so used but is usually burnt in self- 
luminous burners. The plant for the production of this gas is very simple. 
There are several types, differing in detail and more or less in efficiency and 
safety. 

A good type is that supplied by the Non-Explosive Gas Company. 

A small hot-air engine M heated by a Bunsen burner, which burns the air gas itself, drives a 
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Root’s blower L and thus forces a current of air through the carburettor F, where it mixes with 
the hydrocarbon vapour. The hydrocarbon is placed in a tank z beneath the carburettor. Inside 
this tank is a\horizontal axle bearing six—or in the most modern forms twelve—arms, each of 

which carries a tipping bucket C 

a which empties the hydrocarbon into 

a feed pipe E leading into the car¬ 
burettor F. The latter is a large pipe 
about 3 in. in diameter, inside which 
are overlapping ledges. The petrol 
rr] vapour flows over these, and, owing 

MJti to the large surface exposed, quickly 

t rjTJ 1 —. | b* volatilises. The air gas passes from 

f*lJL r the car * JUrettor F » U P the tube r » 

1“^ through a meter K, into the holder, 

Jjf , n ) which is of iron and is always of 

| , | _ small size — about 18 in. high and 

- —■—- 16 in. in diameter for plants supply- 

* /a^\ 7 /\^c= i j | i I ing less than a hundred lights. The 

] J »j : ; ] j axle of the drum of the meter is 

• I L i j J extended through the front and is 

J j—** i-r-i-! —i coupled up with the axle carrying the 

— | [ • • [[ tipping buckets in the petrol tank, 

M V- pJ w ! j J ij so that the rate at which the latter 

W 'i*Ta O j ; j ;j revolves, and therefore the rate at 

R 3 , ’ -h - ■ ■ ■ w which the hydrocarbon is supplied to 

{ j V yt ^ j \ ! the car ^ ur ^ttor, is regulated by the 

\.,r "T" jx x late at which the drum of the meter 

j j • \ i —is turning, which in its turn depends 

; J —* % t-»< ir >a upon the rate at which air passes 

r,r i, j l | through the carburettor, and the 

Zr* j lesulting gas passes through the 

'^Tr J meter. By this means the percent- 

8 w { age of hydrocarbon vapour is kept 

^ssa 1 ‘"safo ---Jti \ constant. 



Fig. 175.—Plant for Air Gas. 

(The Non-Explosive Air Gas Co. Ltd., London.) 


The gas is consumed in 
burners with small inverted 
mantles. The oil usually em¬ 
ployed is petroleum ether, B.P. 
35°-6o° C. 


NATURAL GAS 

In some parts of the world, especially in America, immense stores of natural 
gas under great pressure have been obtained, generally when boring for oil. This 
gas is conveyed in pipes to the various towns where it is required for use, chiefly 
for metallurgical purposes. The composition is variable. - 




Pintsch’s Patent 10" Oil Gasworks. 
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Acetylene, C 2 H 2 , is the simplest member of the acetylene series of 
jnsaturated hydrocarbons having the general formula 

Acetylene is a gas at ordinary temperature and pressure : it occurs in small quantities in coal gas 
and is produced during the incomplete combustion of methane, ethyl alcohol, coal gas, and other 
substances. 

It may be synthesised from its elements by causing an electric arc to pass between carbon poles 
in a current of hydrogen. 

Acetylene may also be produced by various other methods which have, however, become only of 
academic interest since the discovery of calcium carbide by Wilson in Canada, and Morissan in 
France, in 1892. The growth of the carbide and acetylene industry since that date has been 
phenomenal, and its history forms one of the romances of science. 

For commercial and industrial purposes acetylene is now produced entirely by 
the interaction of calcium carbide (Vol. II.) and water:— 

k CaC 2 + 2H 2 0 =■ C 2 H 2 + Ca(0H)2. 

Pure acetylene is said to be almost odourless, the well-known and distinctive unpleasant odour 
usually associated with this gas being due to impurities, chiefly phosphorus compounds (see below). 

Acetylene has a theoretical specific gravity at o° C. of 0.9039 (air=i) which may be compared 
with Leduc’s experimental value of 0.9056. The critical temperature of acetylene is 37° C. and the 
critical pressure nearly 68 atmospheres. At lower temperatures acetylene is liauefied at a less 
pressure, but owing to the fact that it is liable to decompose or dissociate into its elements with ex- 

{ >losive violence even under a pressure of 2 atmospheres, the manufacture, storage and use of 
iauefled acetylene is prohibited by law, but this does not apply to “dissolved acetylene,” 
which see. 

Acetylene is readily soluble in water, 100 vols. of water dissolving al>out 95 vols. of CgII a 
at ordinary temperature and pressure; it is less soluble in brine, lime-water or calcium chloride 
solution, which facts are occasionally taken advantage of in practice. For details as to solubility in 
acetone see under “ Dissolved Acetylene,” p. 405. 

Acetylene has an ignition temperature in air of 406°-440° C. (Dixon and Coward), Mixtures of 
acetylene and air have a very wide range of explosibility ranging from 3.35 to 52.3 per cent, of 
acetylene by volume. Acetylene is readily polymerised by heating, the chief product being benzene 
(C e H 6 ). 

The heat of combustion of acetylene has been determined by various experimenters. It may be 
stated to be 363 large calories per gramme-molecule. Numerous attempts to determine the tempera¬ 
ture of the acetylene flame have also been made. Under ordinary circumstances it may be taken 
at about 2,500° C. in air, and 4,000° in oxygen (see Welding). 

Total heat generated per cubic foot of acetylene is 1,500 B.T.U. (*=14,200 calories per cubic 
metre** 12,200 calories per kilogram burnt). 2} vols. oxygen are required, theoretically, for tbe 
combustion of I vol. acetylene. In welding 1.6 vols. of oxygen to I vol. acetylene give best results 
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Calcium Carbide is manufactured in the electric furnace, as described in 
Vol. II., the raw materials being lime and coke or anthracite coal. 

The principal impurities to be guarded against in the raw materials are phosphorus, sulphur, 
silica, magnesia, iron, and alumina, which either give rise to impurities in the evolved acetylene or 
difficulties in the manufacture of the carbide. 

The storage of carbide in this country is governed by an Order in Council under the Petroleum 
Acts, which together with local bye-laws and regulations should be studied by intending users of 
acetylene. 

The Analysis of Calcium Carbide and Acetylene. —In the space at our disposal it is im¬ 
possible to more than briefly indicate the impurities that should be estimated for technical purposes. 
Full details as to the methods to be employed will be found in the volumes of The Acetylene ana 
Welding Journal mentioned under “ Literature ” and in Lunge and Keane’s “ Technical Methods of 
Analysis. * 

Apart from the gas-yield of carbide, the question resolves itself into an estimation of the 
impurities present in the acetylene evolved under proper conditions. 

The gas-yield can best be estimated by decomposing a known weight of carbide in a suitable 
generator, and passing the gas through a standardised meter. All the water employed should be 
first saturated with acetylene and the mean of several results taken. Owing to the difficulty of 
sampling, as large a quantity of carbide as possible should be employed ; for this reason estimations 
earned out under ordinary laboratory conditions cannot be relied upon. 

The regulations of the British Acetylene and Welding Association which govern the purchase 
and sale of carbide in this country enjoin that the carbide when broken to standard size (i-2$ in. 
or larger) shall yield not less than 4.8 cub. ft. per lb. at standard temperature (6o° F.) and pressure 
(30 in.). 

A latitude of 5 per cent, shall be allowed for analysis. For other important details the 
regulations, which may be obtained from the office of the Association, 103 and 104 Cheapside, 
London, E.C., should be consulted. 

The only impurity specified is phosphoretted hydrogen, which must not exceed 0.05 per cent, by 
volume, with a latitude of 0.01 per cent. 

It is desirable also to test lor sulphur compounds and ammonia in the acetylene and also to 
ascertain the temperature and speed of reaction between the carbide and water. The former should 
not exceed ioo° <J. 


Acetylene for Domestic and Industrial Purposes 

Until recent years acetylene was used almost solely as an illuminant for the 
lighting of private houses, churches, institutions, also less extensively for street and 
public lighting. 

Owing to the great improvements that have been made in the construction of Bunsen burners, it 
may now be quite satisfactorily employed for heating and cooking purposes, and also in con¬ 
junction with specially prepared mantles for incandescent lighting. 

The acetylene motor, also, is almost if not quite an accomplished fact, but space will not 
permit of a description here. Acetylene is used largely for marine signals, beacons, and buoys, 
and for temporary lighting with portable generators, “flare lamps,” etc. Acetylene motors, motor 
cycles and bicycle lamps are too well known to need any description ; it is obvious, however, that 
owing to contingent circumstances acetylene generated and used under such conditions is placed at 
a great disadvantage. 

Acetylene generators as ordinarily employed for domestic and industrial 
purposes may be divided into two classes: (1) Non-autorpatic, and (2) Automatic. 
These again may be divided into carbide-to-water and water-to-carbide generators. 

Briefly, in the non-automatic type a quantity of carbide is decomposed at a 
stated time, and the whole of the gas liberated is collected in a gas-holder for 
future consumption; in the automatic type, the carbide is decomposed in limited 
and stated quantities for immediate consumption, the reaction between the carbide 
and water being regulated by the consumption of the gas. 

A complete generating plant consists of a generator, washer, condensers, gas 
holders and purifier, with .the necessary connections, valves, etc. 

Our illustrations depict (Fig. 776) a non-automatic carbide-to-water plant, also 
(Fig. 177) the well-known “Carbic” plant in which cakes of carbide are used 
specially prepared by soaking in oil or fat 
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These plants are typical of the classes mentioned and are made by some of the best known 
acetylene engineering firms in the United Kingdom. .The diagrams are self-explanatory. We are 
indebted to “The Rosco” Acetylene Co., of 130 York Street, Belfast, and “Carbic” Ltd., 
London, for permission to use these illustrations. 

* 

The purifying materials employed, chiefly for removal of the phosphorus 
compounds, are based either on bleaching powder or chromic acid. The former 
substance, however, has several drawbacks in use, and is being replaced by the more 
satisfactory chromic acid compounds. 

One of the best known purifiers is “heratoi” which is stated to consist of an acid solution of 
chromic acid absorbed in “ Kieselguhr.” A more recently introduced material is known as 
“Catalysol” (French Patent, 434,137, 12th September 1911, and French Patent, 440,207, 15th 
February 1912, P. J. Granjon). 

This consists of kiesclguhr, 350 parts, soaked with a solution of ferrous chloride (40°Be.), 640 parts; 
mercuric chloride, 8 parts; precipitated manganous acid, 2 parts. The mixture is exposed to the 
air until the ferrous salt is completely oxidised, when it forms a yellow powder which may be used 
until it becomes white. The oxidation and revivification is facilitated, it is claimed, by the incorpora¬ 
tion of a small quantity of copjier sulphate (or other copper salts) with the liquid or mass. 



Key to Diagram .— (a) Generator. (li) Water Inlet to Generator. (() Overflow. (r>) Water 
Seal, (f) Water Overflow of Seal, (l) Patent Carbide Feed-Valve, which consists of a 
Hollow Plug Tap with Handle ( m ) ; when the Handle ( m ) is turned upwards the hollow of the 
Tap can be filled with Carbide ; on giving the Tap a third of a turn the Hollow of the Plug is 
cut off from the outer air and is opened to the Generating Tank so that the Carbide contained 
in it is discharged over a Distributor ( r ) unto the Tray ( n ) which is in the water in the Generating 
Tank, (r) Cock for removal of Sludge, (j) Scrubber and Seal Tot through which Gas passes 
to Holder. (h) Water inlet to Scrubber. (K) Overflow of Scrubber. (o) Gasholder. 
(t) Dry Purifier. 


One of the chief advantages of this material is that when exhausted it may be revivified by 
exposure to air. Both in the case of heratol and catalysol there is a gradual change in colour 
as the material becomes exhausted, but the degree of purification of acetylene may always be easily 
ascertained by placing a strip of filter paper soaked in nitrate of silver solution in a stream of the 
gas as it issues from a burner. If efficiently purified the test paper will not darken. 

> 

We have mentioned that acetylene may be used with incandescent mantles with 
special burners, but the acetylene must be rigorously purified and used at a 
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higher pressure than when ordinary atmospheric burners are employed. This is 
not altogether a disadvantage, as the gas may then be more satisfactorily employed 
for heating and cooking purposes. 

The gas is forced into the burner at 8o*ioo mm. pressure (water column). Burners using 15 and 
25 1. per hour give lights =*25 and 40 candle-power respectively. 

In this country, however, the use of atmospheric burners such as the well-known <f Elta,” 
“Luta,” **Cyka, and the “ Roni,*’ made by Messrs George Bray & Co. f Ltd., of Leeds, are 
almost exclusively employed. All acetylene generators and apparatus should conform to the 
regulations of the British Acetylene and Welding Association. 
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Oxy-Acetylene Welding.— For the autogenous welding of metals and 
alloys, also for cutting purposes, the oxy-acetylene welding process is making 
phenomenal progress, and bids fair to eclipse all other welding methods. 

For the low-pressure system of welding, the acetylene is obtained from a suitable generator as 
described above, in the high-pressure system the gas is obtained from a cylinder of dissolved 
acetylene, under pressure;In both cases the oxygen is generally also obtained from a cylinder. 
Special welding and cutting blowpipes are employed, also suitable welding rods, and in some cases 
fluxes are required. The process is of the widest application and is largely used both for con- 
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slruclional and repair work, but serious work should not be attempted or permitted without expert 
tuition and guidance. Welding schools have been formed at many of the chief industrial centres 
and courses for workmen, works managers and engineers are held regularly. 

For further details of the process reference should be made to the 
works mentioned under “ Literature.” Welding blowpipes, valves, 
manometers, etc., may be obtained from the British Oxygen Co., Ltd., 

Westminster, and most acetylene engineering firms. 

Dissolved Acetylene. —As mentioned previously acety¬ 
lene is readily soluble in many organic liquids, notably acetone. 

Advantage is taken of the fact, and at the same time the 
difficulties and dangers connected with the manufacture of 
the compressed gas were overcome, in the manufacture of what 
has became known as “ Dissolved Acetylene.” The largest, 
and until recently the only, firm manufacturing dissolved 
acetylene in the country is the Acetylene Illuminating Co., 
of Lambeth Road, S.W. According to their process the 
washed, cooled, and purified acetylene is pumped under pres¬ 
sure in cylinders apparently filled with a suitable porous 
material saturated with acetone. 

I vol. acetone takes up, under 12 atmos. pressure, about 100 vols. of 
acetylene. 

Dissolved acetylene is employed chiefly for high-pressure oxy-acetylene 
welding, motor car and railway carriage lighting, and for marine signals 
and beacons. 

For railway carriage lighting, etc., carburetted acetylene has been 
employed. This consists of a mixture of acetylene and a hydrocarbon 
vapour such as benzol, but its employment has not become very extensive. 

Acetylene in the Chemical Industry.— The appli 
cations of acetylene for lighting, heating, and especially weld¬ 
ing purposes are many and varied, notably in the construction 
of chemical plant and vessels, drums, etc., but apart from 
these applications acetylene is finding an ever widening field 
of usefulness as a chemical agent as the basis of new and 
interesting compounds. 

Calcium Carbide, the “raw material” for the production of acetylene, has itself become an 
important substance in the chemical industry as the starting-point in the manufacture of various 
compounds of nitrogen such as the cyanamides, cyanides, ammonia, etc. (see Vol. II.). 

The compounds of acetylene with chlorine 
are already well known. They take the form 
of more or less volatile liquids, and may re¬ 
place the highly inflammable carbon disulphide, 
ether, benzene, etc., in the extraction of fats 
and oils, etc. 

Acetylene tetrachloride or tetrachlorethane 
may be obtained by the direct union of acety¬ 
lene and chlorine under the influence of light, 
but the reaction sometimes proceeds with ex¬ 
plosive violence. It is manufactured according 
to one process by passing acetylene ana 
chlorine alternately through a mixture of finely 
divided iron and chloride of sulphur. The tetra¬ 
chloride is distilled off and the residual sulphur 
converted into the chloride for use again. 

Among other processes enjoining the use 
of acetylene that have been suggested or 
patented may be mentioned the manufacture 
of phenol by a process devised by Berthelon, 
as well as the production of various sulphuric 
derivatives of acetylene, which apparently, 
however, have not been carried out on a commercial scale. 

By heating a mixture of acetylene with either of the oxides of carbon, or by passing the oxide 
over heated carbide, free carbon is obtained in the graphitic state. These reactions are stated to be 
utilised in Frank’s process for preparing a carbon pigment. Another process for the production of 



Fig. 179. 
The "Roni” 
Single Ori- 
ficeBurner. 



Fig. 180. 

* Elta ” Burner for Acety¬ 
lene. Can be turned low 
like coal gas burners 
without carbonising. 


Acetylene Burners. (Biay.) 



Fig. 178. —Acetylene 
in Acetone* (Acety¬ 
lene Illuminating 
Co.) 
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acetylene black consists in passing an electric spark through acetylene under pressure. This causes 
the gas to dissociate with the formation of carbon and free hydrogen. 11 has been manufactured this way. 

In a German Patent (1907) special claim is made for the action of mixtures of acetylene and 
air in oxygen on a mixture of copper and nickel, as well as on other metals or their oxides or salts, 



Fig. 1S1. — 0 \y-Acetylene Flame used as Rail-Piercer. A is Oxy-Acetylene 
Heating Jet, B is the Oxygen Jet, l L the Centering Bit; A and n 
Revolve. ‘(Garble Ltd., London.) 


whereby plastic masses are obtained. The products contain only veiy small proportions of the 
metal (less than 0.2 per cent.) which manifestly acts as a catalyst. 

It has been proposed to manufacture alcohol on the commercial scale by making use of the 
reaction that takes place between hydrogen and acetylene in the presence of platinum black, but the 
cost would be prohibitive. The following processes, however, have a direct bearing on this 
problem. 



Fig. 182.—-Cutting Armour Plate 9 inches thick with Oxy-Acetylene Flame. 
(Supplied by Carbic Ltd., London.) 


According to a French Patent (19x0) acetylene and hydrogen are separately generated, and then 
mixed and heated under a suitable pressure, ethylene being formed, which is then converted into 
ethyl hydrogen sulphate by the action of sulphuric add in a spedal apparatus. 

In the second process, for making acetaldehyde and its condensation products and polymers, a 
current of acetylene is passed into a solution of a mercuric salt in at least 45 per cent, sulphuric acid. 
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or in at least 25 per cent, phosphoric acid, preferably at ordinary temperatures (below jo J (“.), but 
the temperature required varies with the strength of the acid solution. 

The formation of higher condensation products, such as crotonic aldehyde, is greater the higher 
the concentraton of acid used. The process can l>e stopped at intervals in ordci to separate the 
products by distillation, or the aldehyde may be precipitated by the addition of a neutral salt. It 
is advisable tQ carry out the reaction preferably in an atmosphere of acetylene, and to keep the 
liquid well cooled during the process. 

In conclusion it may be mentioned that calcium carbide, acetylene, and its derivatives, are l>cing 
studied by the chemists of all nations, and although in the majority of cases the results so far 
obtained have not been of great commercial value, these researches may have an important bearing 
on the future of the acetylene industiy. 

INCANDESCENT GAS LIGHTING 

By Ernest A. Lancaster, 11 .Sc. 

The manufacture of incandescent gas mantles is described in Vol. II. It suffices to say that a 
mantle consists of a skeleton of silica impregnated with a mixture of 99 pci cent, thoria and 1 per 
cent, eeria. 

Until 1891 Welsbach’s mantles were scarcely successful, but in that year he succeeded in obtaining 
the cerium and thorium rare earths in a perfectly pure condition, and made the remarkable discovery 
that while pure ceria and pure thoria scarcely yielded more light than other incandescent solid bodies, 
yet a mixture of the two in the above proportions yielded an intensely brilliant light. The cause of 
this phenomenon is not understood ; it is certainly 
not a pure tcmpeiatuic effect; the presence of the 
trace of ceria seems in some catalytic manner to 
enable the thoria to convert more heat eneigv 
into light energy than properly cot responds to its 
actual temperature (“ luminescence ’’). Moreovei, 
this effect is only display ed in burning gases. 

In the old “7 'crtiial" Welsbnch burner the 
mantle is suspended in the hottest part of a Bunsen 
flame by means of an asbestos thread slipped o\ei 
the top of a vertical rod. With a gas consump¬ 
tion of 3^-4^ cub. ft. per hour it gives a light 
initially of 80-100 candle-power, but sinking to 
bo candles after some tune. The mantle lias an 
average life of 1,000 burning hours. 

During recent years inverted burners and 
mantles have come very largely into use. The 
mantles are considerably smaller and last longer, 
while the light efficiency is greatci than in the 
case of the upright mantle. 

Fig. 183 shows a modern inverted burner. 

The gas enters at a , the supply being regulated 
by the screw r and the proper amount of air is 
mixed with it by the hole at d. Passing through 
the lul>e b the gas reaches the fireclay tube c on 
which the mantle g is supported at h. Here it 
burns, a supply of fresh air being sucked in from 
outside through U. The hot burnt gases now Fig. 183.—Modern Inverted 

stream up past the tubes carrying the incoming Incandescent Burner, 

supply ot gas (thereby preheating the entering 
gas and effecting a great economy in heat much 

after the manner of tne regenerative furnace), finally escaping into the air at tc. k is a glass globe. 
Such a light yields 80-100 candle-power for a gas consumption of only 3-3.2 cub. ft. per hour. 

The above discussed burners arc suitable for ordinary gas supplies delivered under a pressuie of 
1 in. water column (25 mm. say). ' 

Where intense lighting is required, as in the case of street lamps of 1,000-5,000 candle-power, 
this is obtained by using various patterns of high pressure and intensifying burners in conjunction 
with apparatus for increasing and regulating the pressure of the gas supply. 

In Berlin the gas is supplied at several stations at a pressure of i-ij metres (3J-5 ft.) water 
column. It should be noticed that with the advent of the incandescent mantle quite non-luminous 
flames, e.g., that of water gas, methylated spirit, etc., can be used. The problem of using petroleum 
lamp oil lor generating hot non-luminous flame for use with the incandescent mantle has not ytt 
been entirely solved, but it can be shown that were this done it would furnish one of the cheapest 
sources of light. 

The introduction of recent improvements in electric lighting, especially the introduction of metal 
filament lamp (tantalum, osmium, wolfram), has put new life into the industry, and has again made 
electric lighting capable to compete with gas for private houses. 

• The Hewitt or Hermes quicksilver lamp gives a greenish flame very rich in ultra-violet rays f 
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and consequently much used for medical purposes, testing the fastness of dyes to light, fo 
photography, etc. * 

For intensive lighting the electric arc is still the cheapest, as the following table shows :— 


i 

Source of Light. 

Candle- 

Power. 

Cost per 
Hour.* 

Cost per 
Candle-Power 
per Hour.* 

Gas or Power Used 
per C. P. Hour. 

Heat 

Evolved per 
O.P. Houi. 

Coal gas— 

Wen ham lamp - 1 

I IO 

* 

O.64 

(L 

O.OO58 

3-7 I- g» s 

Cals. 

20 

Incandescent mantle, vertical 

80 

0.18 

O.OO23 

1 -5 >> 

8 

,, ,, inverted 

80 

0.14 

0.0017 

1.1 11 

6 

Alcohol incandescent light 

bo 

O.44 

0.0073 

2 g. alcohol 

13 

Acetylene gas - 

1 25 

0.28 

0.0112 

0.6 1. C 2 11 2 

8 

Petroleum oil lamp - 

25 

O. l8 

0.0072 

3 g. petroleum 

30 

Electric light— j 

Carbon filament lamp - 

i 

25 

O.30 

0.012 

3.2 watts. 

1 

1*3 

Osram lamp - - - - 1 

50 

0.20 

0.004 

l.l „ 

1*3 

Glass globe arc light - 

400 

1.4 | 

1 0.0035 

0.8 ,, 

<1 

Naked arc light - - * ' 

1 1,500 

1.8 

1 

1 0.0012 

! 

0.3 

<1 


* Varies with locality. 


TECHNICAL GAS ANALYSIS 

By Ernest A. Dancaster, B.Sc. 

The chemical analysis of a gas is carried out by Hempel’s gas apparatus (Fig. 184). A 
measured quantity of gas in the burette A is forced by means of a pressure-tube c into contact with 

various reagents contained in the pipette B, whereby various con¬ 
stituents in the gas are absorbed, and the diminution in volume 
noted after bringing the gas back to a and restoring the original 
pressure by c. A separate pipette is used for each leagent, the 
most usual absorbents being :— 

Potassium Hydrate Solution for the absorption of carl>on 
dioxide. 

Alkaline Pvrogallate Solution for the absorption of oxygen. 
Cuprous Chloride Solution for the absorption of carbon 
C monoxide. 

Alcohol for the absorption of hydrocarbons. 

Bromine Water (or Fuming Sulphuric Acid) for the 

absorption of olefines. 

In the examination of coal gas, oil gas, etc., the constituents 
are tested for in the following order: (i) Carbon dioxide; (2) 
olefines and benzol; (3) oxygen ; (4) carbon monoxide ; (5) hydro¬ 
gen and methane 5 (6) nitrogen. 

The hydrogen and methane are burnt (after the removal of 
the other constituents) by mixing with an excess of oxygen and 
exploding the mixture in a Hempel explosion pipette containing 
mercury instead of an aqueous solution. The decrease in volume 
after sparking gives the quantity of hydrogen, and the further 
decrease in volume due to the absorption of carbon dioxide by 
potassium hydrate solution gives the quantity of methane originally 
present, since the combustion of a given volume of methane gives 
the same volume of carbon dioxide, according to the equation— 
CH 4 + 20 2 = C 0 2 + 21 1 2 0 . 

The volume of nitrogen is then found by difference. 

For water-soluble gas, e.g., NH 3 , H 2 S, mercury is used in the 
pressure tube burette. Ammonia in small quantities is determined 

by ~ H 2 S 0 4 , and sulphur obtained by burning with O to H.2SO4 

in special apparatus. More than 0.1 g. NH„ and 0.5 g. S per 
cubic metre is inadmissible. The specific gravity of the gas is determined in special gas balances. 

The most poisonous constituent of coal gas is the carbon monoxide, which when breathed to the 
extent of 0.1 >0.2 volume per cent ( = 2 volumes per cent, coal gas) causes headache, insensibility, 
and ultimately death. 

PHOTOMETRY 

By Ernest A. Dancaster, B.Sc. 

The measurement of the illuminating power of two sources of light is important 
(photometry), and is determined by means of.photomete***. 
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Kir.. 185.—Simmance-Abady Steel Tube “ FlickerPhotometer. 
(A. Wright & Co., London.) 


The most common forms of modern photometers are varieties of the old 
“ Bunsen ’’ or “ grease spot ” photometer, which consists of a white, unglazed paper 
screen with a grease spot at the centre. The two sources of light are placed on 
opposite sides of the screen, and the latter is then moved about between the two 
lights until the grease spot appears equally illuminated with the rest of the screen, 
fiom whichever side it is viewed. The illuminating powers, L a and L 2 , are then 
given by the equation :— 

hi = 

L, d\*' 

d x and d 2 being the respecthe distances of the lights from the screen. 

‘‘ Flicker ” photometeis aic 
especially useful for comparing 
lights of different colour. In 
the Simmance-Abady “flicker” 
photometer a white sighting 
w'heel (Fig. 186) with eccentric 
bevelled edges is caused to re¬ 
volve, by means of clockwork, 
between the two lights under 
examination. Above the wheel 
is a total reflecting prism and a 
short horizontal telescope, the 
whole forming the photometer 
head. On looking through the 
telescope the upper portion of FlO. 186.—Sighting Wheels for Simmance-Ahady **Flicker” 
the edge of the sighting wheel Photometer. (A. Wright & Co., London.) 

is seen as a dise, As long as 
the illuminations of the two 

sides of the edge of the sighting wheel arc unequal the disc will l>e seen to flicker, but when 
the wheel is brought into such a position (by sliding the photometer head along a bar between 
the lights) that the illuminations are equal, the flickering ceases, and a steady disc is obtained. 
The reading is then taken. The bar is graduated in candles power so that if a standard of unit 
power is employed, no calculation is necessary. Fig. 185 shows the instrument. 

The Lummer-Brodhun photometer is another modern type of photometer, the characteristic 
feature of which is an optical device for viewing both sides of the screen at once, the light 
reflected from them being seen as two adjacent fields of vision. 

Light Standards. —It is necessary to choose some source of light as a 
standard, and to express the illuminating values of all other sources of light in 
terms of this standard. The original standard chosen was a candle burning at a 
given rate, hence the illuminating power of all sources of light is always expressed 
in candle-power. 
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The chief light standards that have been or are in use are :— 

The British Standard Candle is a sperm candle weighing six to the pound, and consuming 
120 grains per hour. Troublesome to use, very variable. 

The Carcel Lamp, burning colza oil. 

The Vernon-Harcourt Pentane Standard is the light obtained by burning a mixture of air 
and the vapour of penta le. Troublesome to use, but is very constant. 

The Hefner-Alteneck Standard is the light given bv burning .mis 1 acetate in a metal lamp. 
Much used in Geimany. 


The Methven Gas Standard is an Argand burner in front of which is a metal screen with 
a rectangular aperture. Coal gas is consumed at the late of 5 cub. ft. per hour. Fairly constant, 
easy to use. 

The Electric Glow Lamp Standard is peibaps the most convenient standard to use for 
ordinary work, but it is necessary to frequently re-standaidise the lamp if the results obtained are to 


be reliable. 



Fig. 187. —Trotter Universal 
Portable Photometer. 
(Everett- Edgcumb, 
London.) 


> 



Fig. 188.—Section of Trotter Photo¬ 
meter. (Everett- Edgcumb, 
Iamdon.) 


The Violle Platinum Standard is the light given normally by i sq. cm. of platinum 
raised to its point of fusion and about to solidify; extremely constant; used as a primary standard 
in important work, hut unsuitable for ordinary commercial photometry. 

When the illumination of a surface—not a source of light—such as the platform 
of a railway station or a street, is required, the results are expressed in candle feet, 
the unit of measurement being the illumination of a white surface by a standard 
candle at a distance of one foot. 

A portable photometer is used for this purpose, such as the “ Everett-Edgcumb Universal 
Trotter ” photometer. It consists of a small box mounted on a tiipod in a similar manner to a 
camera. Within the box is a small electric glow-lamp L. A trigger or spring-key when pressed 
lights the lamp. The light from the latter is reflected by means of a mirror Sj on to a white screen 
M, which may be tuined round by means of a milled head so as to reflect varying amounts of light 
through a narrow hole Sg in a second white screen let into the face of the photometer. The light 
falling on the face of the photometer illuminates the outside face of this screen, and the milled head 
is turned round until a balance is obtained between the illuminations of the two screens, until 
the hole in the second screen % appears neither lighter nor darker than the rest Of the screen. A 
pointer is attached to the milled head of the first screen, and this indicates on a scale the illumina¬ 
tion in candle feet. Usually the instrument is used with the face horizontal, but it may be also used 
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Fig. 189. 


Lo test the candle-powci of a source of illumination In tins case the face is turned directl> towards 
the light. The value obtained in candle feet is multiplied by the squaie of the distance of the 
source of light from the photonictei, and the candle power of the fonner is thus obtained. 

A recently introduced portable photometei for measuring surface illumination is the “ Holophane 
Lumeter ” of Messts R 6 c J. Beck Ltd , and is notewoithv on account of its small sue, its 
accuracy, and the ease with which it can l>e used ; it consists of a small box 8£ x 2J x 2 \ in. divided 
into two chambers One chamber A is coated with a matt white surface and contains an electric 
glow*lamp lit by means of a small two-ctll accumulator The other B is a dark chamber and 
contains a white screen c with a small ape 1 lure h A side 
tube provided with a focussing evcpiice enteis the chamber 
B obliquely, b) means of which the screen cm be seen and 
also—through the central aperture of the screen—any illu¬ 
minated surface m fiont of the photometer. 

The partition between the two chimbeis lias a sector- 
shaped opal glass window 1 , through which the light fiom 
the glow lunp illuminates the annular white surface of the 
screen ( The amount ol light falling 011 tins surface tan 
be varied by means of two opaque sectors which can be 
moved irross the face of the wind nv l>> two levels c , 
which also act as indicators, placed at the end of the 
pholomttcr. One of the sectors is capable of closing the 
whole apcrtuie with the exception of a segmental band 
across the centre, thus it during the illuminated area fiom 
1 to ^ ; the other sector closes tins segmental bind, thus 
reducing the area from Ihus one of the imhcatois 

leads in ,Vths and the other in T ?>idhs of a candle foot, 
the whole ringe of the scale being horn to I candle 
foot 1 >r me muring illuminations gieitcr than 1 candle 
foot slides containing dirk glasses are lnttoduccd these 
aie slid into position by me ms of the knobs H, H On 
introducing one of the slides the scale leading is multiplied 
b) 10, and on introducing the second slide the reading is 
multiplied 1>\ 100. Thus in the first case readings from 
vVio candle feet are obtained, and m the second case 
reidings from 1-100 candle feet. 'I he total range of the 
instrument is, theiefore, from 100 candle feet. 

A white screen and a stiwlaid cmdle are supplied 
with the outfit b> means ol winch the instrument can he 
readjusted w hen necess*ir>. 

In order to use this instrument it is held in the hand 
and pointed to the object the illumination of which is to 
be tested. The observer then looks through the eyepiece 
and sees the illuminated surface through the circular aper¬ 
ture m the screen C The intensity of the illumination of 
the annular white surface of the screen is then regulated In 
means of the indicators F, o until it equals that of the object 
viewed through the central apeituie 'Ihe value of the 
illumination is then read off on the scale If the illumination is too great recourse is had to one or 
both of the slides descriljed above. 

A good portable photometer is the Dibdin. 



“ Holophane ” Lumeter (R. cV J. 
Beck Ltd., London ) 


It should bo particularly noted, however, that since the introduction of in¬ 
candescent lighting it is not so much the illuminating power of a naked gas flame 
as its heating value which is important. This should be never less than 5,000 
calories per cubic metre, and is determined by burning it in special calorimeters. 
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INDUSTRY OF COAL-TAR AND 
COAL-TAR PRODUCTS 

LITERATURE 
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Schultz. —“Die Chemie des Steinkohlenteers.” 2 vols. 1900-01. 

Spilker. —“ Kokerei u. Teerprodukte.” 1908. 

Dammer. —“ Handbuch der Chemischen Tcchnologie.” Bd. iv. 1898. 

Schwalbe’s “Benzoltabellen.” 1903. 

Winther’s “Patente der Organische Chemie.” 3 vols. 1877 1906. 

See also under Synthetic Dyes. 

COAL-TAR 

Coal-tar is the thick, black, evil-smelling liquid (sp. gr. 1.1 to 1.2) which accumm 
lates in the hydraulic mains, condensers, and scrubbers of gasworks. Much, 
however, is now obtained from the coke ovens used for making hard coke for 
metallurgical purposes, and this source may eventually become the predominant one 
here, and has already become so in Germany, who derives two thirds of her supply 
from this source. 

In 1907 England produced 858,000 tons of tar ; Germany, 850,000 tons (1909;; 
France, 170,000 tons (1904); United States, 200,000 tons (1904). 

In 1913 England exported the following quantities of coal-tar and coal-tar products:— 




Value. 

Crude coal-tar. 

Refined coal-tar and varnish 

Pitch. 

Tar oil, creosote .... 

Coal-tar naphtha 

Naphthalene. 

Anthracene. 

Benzol and toluol .... 
Carbolic acid (phenol) 

Aniline and coal-tar oils - 

Total value - 

88,000 cwt. 
3,071,000 gals. 
9,731,000 cwt 
36,758,000 gals. 
5iS»oa> „ 
86,000 cwt. 
564,000 lbs. 
6,655,000 gals. 

168,900 cwt. 

1,351,000 lbs. 

^16,000 

68.600 
1,100,000 

592,000 

24.600 
37,700 

1,400 

303,000 

190,000 

28,900 

^5,362,200 


The United States in 1910 imported 37,000 barrels (280 lbs. per birrel) of tar and pitch, of value 
992,000. The export was: 1906, 24,700 barrels; 1908, 96,400 barrels; 1910, 110,500 barrels (280 
lbs. to the barrel). Value in 1910 was $138,800. 

Cual-tar is the primary raw material of the colour industry. It has an 
extraordinary complex constitution, which varies not only with the nature of the 
coal or coke distilled, but also with the temperature of distillation. 

The constituents employed in the colour industry are benzene, toluene, xylene, 
naphthalene, anthracene, phenol, and cresol The composition is approximately 
given by the following table:— 
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Gas Tar. 

Tar from 
Coke Ovens. 


Gas Tar. 

Tar from | 
Coke Ovens, j 

Light benzol 

Heavy benzol - 
Phenol 

Naphthalene 

Anthracene 

Per Cent. 
I.5-2 
O.5-I 
0.5-I 

4-6 

0.5 

Pei Cent. 

O.I-O. 
0 . 5-1 ‘ 
0.5-I 

6-9 

O.25 

Pyridine bases - 
Heavy oils - 
Pitch .... 
Finely di\ idcd carbon 

1 

Per Cent. 

O.25 

20 

50-60 

20 

1 

Per Cent. 
O.25 

20 

5 ° 

10 


Coal-tar Distillation 

In order to isolate valuable products, the tar is distilled. The still a is of iron 
and usually holds 20 tons of tar. It consists of an upright cylinder, of nearly equal 
height and diameter, with a dome-shaped top and a concave bottom, the whole 
firmly set in brickwork and heated by a fire grate. If coke is employed as heating 
fuel, the bottom of the still must be completely protected by a curtain arch. The 
tar must, previous to distillation, have been completely separated from water by 
long standing, otherwise frothing during distillation ensues. 

The distillate passes through a condensing coil bb, placed in a tank c, and is" 
cooled as the distillation proceeds first with cold and afterwards with hot water, in 
order to prevent the tube blocking up with crystalline solid matter; the condensed 
liquids pour through the swan-neck pipe d into the glass jar/ while the permanent 
gases escape through ee. The glass jar / allows the rate at which the liquids distil 
to be observed, and the density of the distilling liquid may be read off by means of 
a hydrometer placed within it; also samples may be withdrawn from it as required. 
When the liquids become too hot it is replaced by an iron funnel. From / the 
liquids run into a receiver g —an air-tight iron tank, provided with as many cocks 
/]»fv A* etc *» as ^ ere are factions to collect. The different fractions are collected 
inland are run off successively down different cocks into different iron store tanks. 

After the temperature reaches 270° (when the anthracene oils begin to come 
over) the still is evacuated by a steam pump, which aspirates both gases and oils 



Fxo. 191.—Plant for Distilling Coal-Tar. 
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away from the condensing worm into a large boiler h, sunk in the ground, which 
retains the anthracene oils, while the gases are forced out by the pump. Simultane¬ 
ously a stream of steam is blown through the still in order to avoid the setting fast 
and coking of the layers of pitch in immediate contact with the bottom. If much 
free carbon is present the still is evacuated after a temperature of 150° C. is reached. 

Stills arc also now in use whereby a < ontinuou s process of distillation takes place, the crude tar oil 
being run in continuously at one end, and pitch run out of the other, while intermediately the 
various oils are distilled off. For details sec the Patent literature, an account of which is given m 
Lunge’s “Coal-Tar and Ammonia.” 

By means of this distillation the tar is separated into the following portions:— 


1 

Temperature of 
Distillation. 

1 

Per Cent, 
of Tar. 

Specific 

Gravity. 

1. Light oil - 

1 | 

1 Up to 170° C. 

2-8 

0.90-0 95 

2. Middle or carbolic oils 

17o°-230° C. 

8-10 

1.01 

3. Heavy or creosote oils 

230°-270° C. 

8-10 

1.04 

4. Anthracene oils 

27o°-40o° O. 

1620 

1.10 


In the still there remains behind a residue 
of pitch (50 per cent.). 

i. The Light Oils, sp. gr. 0.9-0.95, 
are redistilled, and the fractions boiling over 
170° C. added to the middle oils. Then 
the liquid is agitated in the cold with 5 per 
cent, of concentrated H L ,S 0 4 in cast-iron or 
lead-lined wooden vessels, whereby bases are 
fixed, while unsaturated hydrocarbons, 
phenols, and sulphur compounds are dis¬ 
solved or resinified. The dark acid layer is 
drawn off and worked up for ammonium 
sulphate. The oil is then washed with water 
and dilute caustic < soda, dried, and frac¬ 
tionally distilled, and the fractions collected 
in four portions, viz., (1) the first runnings; 
(2) between 7o"-i4o° C. (light benzol); (3) 
i40°-i7o° (heavy benzol); (4) over 170° C. 

The first runnings consist principally of 
carbon disulphide, pentane, hexane, and 
aceto-nitrile. 

The “crude benzol” thus obtained is 
rectified in a special still and separated into 
pure Benzol, C 0 H tf , B.P, 8o° C.; toluene, 
C fl H 6 CHjp B.P. iio° C. ; and xylene, 
C 6 H 4 (CH 8 ) 2 , B.P. 138*-142° C. The hydro¬ 
carbons distilling after the xylene (viz. 
cumene) go to form “solvent naphtha.” 

The stills used in fractionating are simi¬ 
lar to those used in distilling spirits. One 
of the most efficient is the Savalle column 
as improved by Heckmann of Berlin (German 
Patent, 39,557). For further details see 
p. 295 et seq 



Fig. 192. —Heckmann’s Still for 
Fractionating Light Oils. 
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The crude benzol is placed in the wrought-iron boiler A (Fig. 192, Heckmann's still) and heated 
to boiling by means of steam coils; the vapours pass up the iron column B, which is divided into 
a series of compartments. The vapours pass into each compartment through the raised mouthpiece 
7, passing through the layer of liquid condensed in the compartment and maintaining it in continuous 
ebullition, while the excess of liquid overflows through a drop-pipe z and discharges into the com¬ 
partment below. Finally, the vapours reach the condenser c, where they are still further (hut not 
completely) condensed to a liquid form by means of a water jacket; the condensed liquids, pouring 
back through the U-tube, pass into the column «, maintain every compartment in B with its proper 
layer of boiling liquid The more \olatile parts i>ass on through n into the condenser I), where they 
are completely condensed by means of a water cooling jacket, and the separate fractions run on 
m succession thiough stu. 

The pure benzol and toluol thus obtained are used for making coal-tar dyestuffs. 

The 90 per cent, benzol is used (mixed with petroleum ether) for motor cars, 
for carburetting illuminating gas, and as a cleansing solvent in laundry works. 
Solvent naphtha finds an extensive application in dissolving caoutchouc in the 
manufacture of waterproof stuffs. 


2. The Middle Oils, B.P. i7o°-23o > C.; sp. gr. 1.01 —These contain much 
naphthalene and phenols. 

The naphthalene is obtained by allowing the oil to stand, when large quantities 
crystallise out and are separated by centrifuging and pressing. 


To obtain the naphthalene puic it is melted itli 5 pci cent, concentrated 1 I 2 S 0 4 , the acid drawn 
ofl*, and the naphthalene distilled. Sometimes instead of being distilled the naphthalene is sublimed 

by placing in a shallow iron pan 0, 
heated by the steam coil when 
the vapours sublime into the large 
chamber r. 

For recrystallismg naphthalene 
the ordinary solvent is petroleum 
spirit, and the operation is carried 
out in enamelled iron \essels pro¬ 
vided with reflux condensers and 
heated l>y steam. The crystals are 
centrifuged and diied in air. 

The naphthalene thus obtained 

mmmewm ? JtXZ 

Fig. 193.—Apparatus for Subliming Naphthalene. • • 79 



The mother liquors from 

which the naphthalene has been separated contain 30-40 per cent, of phenol. 
This is separated by fractionally extracting with a 10 per cent, caustic soda solution. 
The aqueous alkaline liquid is drawn off from the oil, and steam blown through 
in order to volatilise any traces of naphthalene or other hydrocarbons that it still 
contains. 

The alkaline liquid is then neutralised by sulphuric or carbonic acid, the 
precipitated oily layer of phenpl drawn off and fractionally distilled from stills 
with zinc or silver condensing coils ; the distillate is crystallised out in the cold, and 
separated from the still fluid cresols by a centrifugal machine. 

The phenol is thus obtained almost chemically pure as a white solid. It is 
principally used for making picric and salicylic acid (pp. 423, 430). 

The cresols, separated from the phenol, occur as a* fluid mixture of the three 
isomers. These bodies are much used for disinfecting purposes. 


3. The Heavy or Creosote Oils, B.P. 2 ^ 0 ^ 270 ° C., sp. gr. 1.04, form 
perhaps 10 per cent, of the tar. They consist of a complex mixture of neutral and 
acid oils, among which may be mentioned naphthalene, dinaphthylene, methyl- 
naphthalene, xylenol, naphthoi, and paraffins. They are used for creosoting timber— 
especially telegraph poles and the sleepers of railways. See under Timber 
Preserving, p. T90. 

4. Anthracene Oils, B.P. 270^400° C., sp. gr, r.io, forming 12-17 per cent, 
of the tar, contain a certain amount of carbolic acid and a considerable amount 
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of anthracene, C U H 10 , M.P. 213 0 c. This latter is one of the most valuable 
constituents of coal-tar. To isolate the anthracene and free it from impurities the 
oil is cooled and the greenish crystals of impure anthracene which separate out are 
freed from the oily mother liquor by pressing or placing in a centrifugal machine. 
It then contains only 10-12 per cent, pure anthracene, being mixed with impurities 
such as phenanthrene, methylanthracene, diphenyl, naphthalene, pyrene, retene, 
carbazol, etc., which are exceedingly difficult to get rid of. To do this the whole 
is pressed to 200-300 atmospheres in a hydraulic press heated by steam. Most of 
the phenanthrene and naphthalene flows away in a liquid form, and the percentage 
of anthracene is increased to 28-40 per cent. 

The anthracene is then washed with solvent naphtha. By washing with the 
pyridine bases mixed with solvent naphtha the carbazol is almost completely removed, 
and a product consisting of 90 per cent, anthracene is obtained, and made into 
alizarin. 

Chemically pure anthracene is obtained by grinding up with caustic potash and 
lime, distilling, washing with solvents, and subliming. 

The plant usually used for subliming anthracene is shown in Fig. 194. The anthracene is 
placed to the depth of 2-3 in. in a shallow iron pan c, heated from below. Superheated steam 
from the pipe B, which is perforated by many holes, carries away the vapours into the large 
chamber I), where they arc suddenly chilled by a spray of cold water from the rose H, causing the 
anthracene to precipitate in the finest state of division—a necessary condition for its easy conversion 
into anthraquinone by the action of oxidising agents. 

5. Pitch. — The residue 
which remains in the tar still 
is Pitch and forms 50-55 per 
cent, of the tar. Much of it 
probably consists of finely 
divided coal or coke, but 
undoubtedly 20-30 per cent, 
consists of solid unsaturated 
hydrocarbons, which give it 
its distinctive properties. Soft 
pitch has C — 91.8 per cent., 

H = 4-6 per cent.; hard pitch 
has C = 93.2 per cent., H = 4.4 
per cent. “ Hard Pitch ” is obtained by carrying the distillation as far as possible. 
It softens over ioo°. Soft Pitch is obtained by a shorter distillation. The pitch 
is always run off while fluid from the still. 

It is used for making briquettes from coal dust, for making varnishes and blacks 
(by mixing with certain oils), for making dolomites, stones, etc., in iron-works, and to 
a certain extent for paving streets, etc.—the natural asphalt being, however, both 
cheaper and better for the latter purpose. 



Testing of Coal-tar and Pitch 

(See Watson Smith, fount. Soc. Chan. Iml ., 1883, p. 496.) 

1. Free tar from water by placing a large glass beaker immersed in hot water and covered with a 
glass plate* After one and a naif days decant off watery layer on surface. 

2. Determine specific gravity by weighing accurately at 15 0 C. a given volume (say 1 1 .) run into 
a standard flask. 

3. Distil 2j 1 . of tar freed from water as above from a large glass retort in usual way, placing 
apparatus on a large iron tray covered with 4 in* of sand (to diminish danger from fire), forcing in 
a Slow current of air through a drawn out tube through the cork and reaching to the centre of the 
flask. 

(a) First heat slowly to 6 o°-yo Q C., heating at that temperature for a day or two to expel 
ammonia water. 

( 4 ) Collect (1) Light oil, up to 170°; (2) Middle oil, up to 230* C.; (3) Creosote oil, up to 
270° C.} (4) Anthracene oil. 
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The volumes of the different distillates are measured, and after treating the fractions much as 
they are treated on the large scale in the distillation of coal-tar, an estimate of the various propor¬ 
tions of the different substances likely to be obtained in the large scale distillation is arrived at and 
so the value of the coal-tar judged. 

The Free Carbon in coal-tar is estimated (ICraemer) by extracting the coal-tar with forty times 
its weight of xylene, drying the residue at ioo° C. and washing. The more free carbon, the thicker 
the tar and the greater the danger of frothing over during the distillation. 

The estimation of water in tar is carried out by distilling 500 c.c. of carefully sampled and 
thoroughly agitated tnr from a copper still, until finally a temperature of 200* C. is reached. Oil 
and water distil over into a graduated slanting glass tube 27 in. long, and separate out into two 
layers. The volume of water is then read off. To prevent boiling over add toluene to the crude tar. 

Pitch is tested for its softening or melting point. 

Soft pitch softens at 40° C., melts at 6cr C. ; medium pitch softens at 6o° C., melts at ioo* C. $ 
hard pitch softens at ioo° C., melts at i$o°~20o 9 C. 

A rod of soft pitch, 4x4x1 in., suitable for making patent fuel, will bend without breaking on 
heating in water at 6o° C. for two minutes. Its torsional value is tested by special methods. 

The amount of “ Free Carbon” and “ Bitumen” in pitch is estimated by boiling the pitch in a 
flask with a reflux condenser in succession twice each with benzene, carbon disulphide, ana alcohol. 
The residue represents the “free carbon,” the difference being the “ bitumen.” 

To distinguish coal-tar pitch from natural asphalt, heat a sample in a crucible. Coal-tar 
pitch evolves acrid fumes, but natural asphalt (usually) a pleasant, bituminous smell. 


Recoveiy of Pyridine Bases from the Distillation Products 

of Coal-tar 

We have described how the various fractions of oil distilled from coal-tar are 
first washed with sulphuric acid, which abstracts the volatile bases contained in 
them. 

Crude “pyridine-sulphuric acid,” from washing the light oils with sulphuric 
acid, is a brownish liquid, sp. gr. 1.2-1.3, contains 15-20 per cent, of bases boiling 
between ioo° and 200° C. Half of these bases is pyridine, the rest being the 
picolines, lutidines, etc. 

Pyridine is separated from “ pyridine-sulphuric acid ” by passing in ammonia 
gas until a sample of the exit gas smells of pyridine. The liquid separates into 
two layers, the top one consisting of muddy impurities, the bottom being a solution 
of pyridine-ammonium sulphate. The bottom layer is run off and completely 
saturated with ammonia. Pyridine separates as an oil. It is drawn off and 
fractionated. 

Pure pyridine is principally used for denaturing spirits in Germany. 

Quinoline is separated in a similar manner from the sulphuric acid washings 
of the heavier coal-tar Oils. It is used for making the quinoline dyes. 

Quinoline (on account of its high boiling point) does not occur largely in the 
acid washings from crude benzol, but is contained, together with acridine and 
other bases, in the crude sulphuric acid washings from the higher boiling tar oils. 

Bone Tar or Bone Oil is the dark evil-smelling liquid formed during the dry distillation of 
bones in the preparation of bone black (animal charcoal). It contains considerable amounts of 
pyridine and quinoline, their homologues and other bases. These compounds may be extracted 
trom it by the use of sulphuric acid, and separated as described above. 


COAL-TAR PRODUCTS (see Table) 

Distillation Products 

Benzol (Benzene), C 6 H # .—Colourless, mobile liquid, B.P. 80.5*; M.P. 6* C j 
sp. gr. ^■*0.839. Freezes to white crystals at o* C. Distinguishable from light 
petroleum by (a) completely dissolving in fuming H 2 S 0 4 (petroleum does not) 3 
( 6 ) easily dissolves picric acid and pitch (petroleum does not easily). 
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Paluation.—It should give no blue colour when shiken with concentrated 
H 2 S 0 4 , and a fragment of isatin (thiophene); should not darken much when shaken 
with concentrated H 2 S 0 4 (unsaturated hydrocarbons or thiophene). No unnitrated 
hydrocarbon should be obtained on treatment with nitro-sulphuric acid and dis¬ 
tillation with steam. “ Crude benzol ” is a mixture of benzene, toluene, xylene, etc., 
and is known as 30 per cent., 50 per cent., or 90 per cent, benzol, according as 
30 per cent., 50 per cent., or 90 per cent, of the whole distils over before the 
thermometer reaches ioo° C. Refined benzol should completely distil within half 
a degree Centigrade. 

Toluol (Toluene), C 0 H 6 .CH 8 .—Colourless liquid, freezes below-20° C.; B.P. 
111" C.; sp. gr. = 0.8708. 

Valuation .—Should only slightly darken on shaking with concentrated H 2 S 0 4 . 

Xylene, Xyol, C 6 H 4 (CFT 3 ) 2 .—Three isomers occur in coal-tar xylene, viz., 2-15 
CH - 

percent, of orthoxylene, „ ri sN ><f\ B.P. 142“; 70-87 percent, of metaxylene, 
CH 3 ch s' x - / 

CH 3 o B.P. 139', sp. gr. (19" C.) = 0.8668; 3-10 per cent, paraxylene, 

CH 3 < ^ ^ >CH 3 , B.P. 138°, M.P. 15' C., sp. gr. 0.8621. Metaxylene is technically 

the most important. 

Valuation. —Commercial xylol should distil between 135 0 and 140° C., and 
should only turn light brown when shaken with H 2 S 0 4 . 

Naphthalene, C 10 H 8 (for preparation from coal-tar see preceding section, 
p. 418).—Colourless crystalline solid; M.P. 80.5°; B.P. 218° C.; sp. gr. (15° C.)» 
1.1517. Sublimes when warmed. 

Valuation. —No residue or colour change should be produced when sublimed 
in air; should melt and boil sharply; should produce no red colour with hot 
concentrated H 2 S 0 4 , and when solution is diluted with water, filtered, and made 
alkaline, no smell of pyridine should be apparent. Boiling caustic soda should 
extract no phenol; should not melt below 79.5 0 C. 

Uses .—See p. 432. Starting point for the production of synthetic indigo (see 
' P* 460). 

Anthracene, C 14 H 10 (for preparation from coal-tar see p. 419).—Colourless 
crystalline plates with violet fluorescence (when pure); M.P. 213 0 C.; B.P. just over 
360* C. Oxidised, produces anthraquinone (which gives with warm NaOH 
solution and zinc dust a red colour), and with picric acid in benzene gives red 
crystals, M.P. 170° C, of the picrate, C 14 H 10 .C 6 H 2 .(NO 2 ) s .OH. 

To estimate the anthracene in the commercial product, oxidise into anthraquinone by boiling 1 g. 
for two hours with 45 g. glacial acetic acid to which are slowly added 15 g. of chromic acid dissolved 
m 10 c.c. of water, leave for twenty-four hours, add 400 c.c. water, stand two hours, filter off anthra- 

n * one, wash with cold water, with boiling NaOH solution, with boiling water, dry in porcelain 
at ioo*, heat ten minutes to ioo° with 10 g. slightly fuming sulphuric acid, leave twelve hours 
in a damp place, pour into 200 c.c. cold water, filter off precipitate, wash with alkaline water and 
with hot water, transfer to dish, dry, weigh. Then heat dish until the anthraquinone has volatilised, 
and weigh. Loss of weight=anthraquinone. This multiplied by 85.6 gives percentage of anthracene 
in sample (see Luck, “ Bcr., M 6,1347). It may amount to anything between 30 and 90 per cent.* 
the rest being phenenthrene, carbazol, chrysene, etc. 


Uses —Source of valuable dyes. See p. 451. 
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Phenol (Carbolic Acid), C a H fi .OH.—White crystalline solid, M.l\ 41° J. B.P. 
188 0 C.; sp. gr. (40° G.) = 1.05433. Commercial samples should melt about 39-40° C., 
boil about i83°-i 86° C, and dissolve completely in aqueous caustic soda. 

Estimation by titration with standard bromine water. On account of the fact that phenol is 
extensively used for making picric acid and other explosives, the price in war time invariably rises 
enormously, and it then becomes profitable to make it from benzol by sulphonating and fusing with 
NaOH or KOH. A full account of the manufacture is given by Dr A. H. Ney in the Chemical Trate 
fountain 16th October 1915, pp. 361, 385. 

Cresol (Cresylic Acid), QH 4 (CH 3 ).OH.--Three isomers occur in coal-tar, 
namely, ortho-, para-, and meta-cresol. 

Halogen Derivatives 

Benzyl Chloride, C a H 3 .CH a Cl.—Prepared by leading chlorine over the surface 
of boiling toluene (placed in a sandstone vessel and heated by lead-coated 
steam pipes) until it has increased in weight by 38 per cent., washing with water, and 
fractionally distilling: C 0 H 5 .CH 8 + Cl 2 = H.»Ci + HC 1 . Colourless liquid, 

B.P. 178°; sp. gr. (14 0 C.)= 1.107. An estimate of"the amount of benzotrichloride 

in it is obtained by observing the amount of 
green colouring matter produced on heating with 
dimethylaniline and zinc chloride. 

Benzal Chloride, C,H 5 .CHC 1 2 (Benzy- 
lidene dichloride), and Benzotrichloride, 
C 0 H..m 3 , are simultaneously produced by the 
further chlorination of boiling toluene, and pro¬ 
duce benzaldehyde and benzoic acid when 
heated with milk of lime. They are not usually 
separated. 

Nitro Compounds (see pp 632-634; 

Nitro-benzene, QH v N 0 2 , is a light yellow 
liquid, smelling like bitter almonds, B.P. 207° 
C.; sp. gr. (15" C.)» 1.208. Is a very good 
solvent for other nitro compounds including 
guncotton, etc. 

Preparation .—100 kg. ben/ol are placed in a cast-iron, round-bottomed vessel, 
fitted with a cover and stirring apparatus, and provided with a condensing tube 
and an opening for the addition of acid (both placed in the cover), while a tube 
at the bottom allows fhe contents to be emptied. A mixture of 115 kg. concentrated 
nitric acid, sp. gr. 1.38, and 180 kg. concentrated H 2 SO^ are now slowly run in, 
while the stirrers (lubricated with nitro-benzene) are kept m rapid movement, and 
the temperature of the whole kept below 25° C. by a stream of cold water flowing 
round the vessels; when the greater part of the acid has been added, the temperature 
is allowed to increase to 50° C. The following action has taken place:— 

C 6 II 6 + HNO, = C a H p .NO a + H 2 0 

Benzene. Nitric acid, Nitro-benzene. Water, 

The acid is run into the benzene (thereby keeping the latter in excess until the last), and the 
temperature is kept low in order to avoid the second reaction:— 

QHaNO* -f HNO, = C 6 II 4 (NO*) 2 + H a O 

Nitro-benzene. Nitric add. Di-nitro-benzene. Water 

The stirring and cooling apparatus must be efficient, as the nitrating mixture is otherwise liable 
to spontaneously inflame. 

After all the acid has been slowly added the stirring is continued for some 
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hours until no more action takes place. The whole is allowed to stand, and the 
nitro-benzene separates as an oil on the surface of the acid. 

The acid is run off at the bottom. It contains about I per cent, of nitric acid, water, and 
organic compounds. It is “ regenerated ” for use by allowing it to slowly flow, cascade fashion, 
down a series of six porcelain vessels, heated in a stream of hot air. 

During the heating the water and nitric acid vaporises (the nitrous fumes being condensed and 
used in the manufacture of nitric acid), and there finally flows out of the last vessel concentrated 
sulphuric acid, 66° B&, which is used again for nitiating. 

' After the acid has been drawn off, the nitro-benzene is then run into large 
wooden vessels, and washed with water until all traces of acid are removed. 

When required quite pure (for perfumery) it must be steam distilled. Usually 
any unused benzene present is first removed by blowing steam through the mixture, 
and the nitro-benzene coming over with the benzene is used again for nitrating. 

For making dyes, etc., it is usually unnecessary to distil the benzol. 

Yield \—ioo parts of benzene give 150-152 parts nitro benzene. 

Metadinitrobenzene, C 6 H 4 (N 0 2 ) 2 .---Crystalline needles, M.P. 89.9° C. It 
is prepared in the apparatus used for making nitro-benzene, using stronger acids. 

To ioo kg. benzene, 200 kg. nitric acid (40° Be.) and 300 kg. concentrated sulphuric acid 
(66° B£.) f previously mixed together, arc allowed to flow in, and after the action is over, the 
contents of the pot are withdrawn while still hot, the dinitrobenzo 1 allowed to solidify, and purified 
by crystallisation. It is used for making diaminohenzene and explosives (see p. 634). 

For Trinitrobenzene see p. 634. 

Ortho- and Paranitrophenol, C e H 4 .N 0 2 . 0 H.-—i part of phenol is mixed 
with a little water, and then a mixture of 2 parts nitric acid (sp. gr. 1.38) and 
4 parts of water is gradually added, cooling the liquid the whole time. After the 
reaction is completed the oil is washed with water and the 0-nitrophenol steam 
distilled over, the paranitrophenol remaining behind. 

Trinitrophenol, Picric Acid, C 0 H 2 (NO 2 ) 8 .OH, is made by heating phenol 
sulphonic acid with nitric acid. For details see p. 632. Used as an explosive. 
For use as dye, see p. 479. 

Mono Nitrotoluenes. —Three isomerides are known, viz.:— 



Melting Foint. 

Boiling Point 

Orthonitrotoluene - 

. . 

Liquid. 

i6*C. 

2l8°-2I9°C. 

Metanitrotoluene - 

- 

230°-23I° C. 

* 34 ° C. 

Paranitrotoluene - 

- 

54 ° C. 


Under ordinary conditions of nitrating, ortho- and paranitrotoluene are principally 
produced, and may be separated (when necessary) by fractionally distilling under 
diminished pressure. 

Mixtures of nitro-benzene and nitrotoluene and nitroxylene, C 6 H 8 (C H 8 ) 2 . N 
are also prepared ; also nitro-benzylchloride, CgH 4 (N 0 2 ).CH 2 Cl; nitro-benzalaehyde 
chloride, C 0 H 4 (NO 2 ).CHCl2, mono-nitronaphthalene, etc. etc. 

Dinitrotolnene, C 6 H a (CH 8 ).(N 0 2 ) 8 , is prepared in much the same vay as dinitrobenzene (see 
p. 3^4)* 

The Trinitrotoluenes are used as explosives. See pp. 633, 634. 
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NO, 

I 



no 2 


a r*.r 

Dinitro- 

naphthalene. 


aj.ag-Dinitronaphthalene is used for making explosives, alizarin 
black, and diaminonaphthalene. Naphthalene is allowed to stand 
twenty-four hours in contact with strong nitric acid, sulphuric acid 
is added, and the mixture heated twelve to twenty-four hours on the 
water bath, the product washed with water, and extracted in succession 
with carbon disulphide and acetone, in order to eliminate as much as 
possible the other isomerides formed at the same time. The pure 
product melts at 217 0 C. 


Bases 

Aniline, C c H 6 .NH 2 , is prepared on a very large scale by reducing nitro-benzene 

with iron and hydrochloric acid. 

500 parts of nitro-benzene and 800 parts of water are placed in a large iron still provided with 
a mechanical agitator and condenser, and the whole is heated to boiling by blowing in steam. 
16-20 parts of hydrochloric acid are now added, the steam is shut off, and 550 parts of finely ground 
cast-iron borings are gradually added during about eight hours. A vigorous action takes place, 
heat is evolved, and a mixture of water, aniline, and nitro-benzene distil over in a steady stream, 
and are continually returned to the still. 

Great care must be taken in adding iron not to let the action become too violent, since violent 
explosions have been known to occur. 

The following actions take place :— 

C fl H fl .N 0 . 2 + 3l r e + 611 C 1 = CJI V NH 2 + 3FeCl a + 2ll 2 0. 

Nitro-benzene. Iron. Hydro- Aniline. Ferrous Water. 

chloric acid. chloride. 


(H 2He + HjO — CgHjNIIjj -*- HeyO^. 
Fe 4 - 4Fe 2 Oj = ^Fe/V 


According to the first equation 178 parts of I TCI are required for the reduction of 100 parts oi 
nitro-benzene. 



Full View. 


In practice 9 parts of IIC 1 are sufficient, m con¬ 
sequence of the reaction largely proceeding according 
to the second equation. 

When all the iron has been added the heating is 
continued by steam, and the distillate returned so long 
as it is yellow (presence of nitro-benzene). When the 
distillate comes over colourless, it is collected in h 
(Fig. 196), and the distillation continued so long as 
aniline comes over. The aniline collects in a layer at 
the bottom and is drawn off from time to time. The 



Fig. 196.—Reducing Apparatus for Nitro-Benzene. 
Steam is blown in through the hollow shaft of the stirrers. 
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water condensed from the strain distillation contains up to 3 per cent, dissolved aniline and 
toluidine, and is returned again to the boiler and used for another aniline distillation. The aniline 
thus obtained is purified by ledistillation in serial stills. 

The residue in the still consists of metallic iron, and oxides and chlorides of iron, mixed with 
tarry impurities. Sometimes it is smelted for iron in ironworks, often it is worked up into green, 
vitriol (iron sulphate). If allowed to accumulate the spontaneous oxidation of the finely divided 
iron may cause the mass to become incandescent. 


Viet (/.—100 parts nitm btn/i iu gi\t 70 aniline. 

Properties .—Colourless oil, 15 .P. 182°; M.P. 8°; sp. gr. (15 0 C.) = 1.0275. 
Soluble in 32 parts of water at 15° C. Completely soluble in acids. 

Tests. —Aniline water gives a violet colour with bleaching powder solution. 
It may be estimated by titrating with sodium nitrite solution. The presence of 
benzene or nitro-ben/ene, etc., in aniline is detected by their insolubility in acids. 

Aniline for Red is a mixture of aniline with both toluidines, e.«, 33.3 per cent, 
aniline, 28 per cent, paratoluidine, 42.7 per cent. 0 toluidine, sp. gr. 1.008 at 
15 0 C. ; 13 . P. 190-198. 

Aniline for Safranine consists of aniline (40 per cent.) and <?-toluidine 
(60 per cent.). 

“ Aniline for Blue” or “light aniline” is aniline free from toluidine, 80 per 
cent, of which distils between i82°-i 82.5°. It is used for phonylating rosaniline. 
See under Rosaniline Blue. 

Toluidine, C,.H 4 (CII 3 )NH 2 (ortho, meta-, and para), and 

Xylidine, C, ; H ;3 (CII { ),N1I 2 , and other similar bases are prepared in much the 
same way as aniline by 1 educing the corresponding nitro compounds. 

Dimethylaniline, C 0 H V N(CH 3 ) 2 , is prepared by heating a mixture of aniline 
(75 parts), aniline hydrochloride (25 parts), and methyl alcohol (free from acetone) 
in a cast iron autoclave (see Fig. 197) to 2$o c '-2jo° C., and rectifying the product:— 

cyi,.Nii.,iin 4 2CH.0H <\,ii v n.(ch .|) 2 + hci + 211,0 
1101 \ rjCNiL » (yi 6 .NH 2 .ari. 


Colourless oil; B.l\ T92 0 ; sp.gr. (15° C) = 0.976. Used for making methylene 
blue, indophenol, malachite green, etc 



Fio. 197.—Autoclaves of Different Types. 

I, 2, 3, 4 shows method of inserting stopper. 

31 
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By treating the product (26 kg.) with HC 1 (100 kg. of 31 per cent. HC 1 ), stirring, adding 
chopped ice (100 kg.) and then sodium nitrite (16 kg. in 351 kg. H a O) we get /•nitroso-dimethyi* 
aniline as an oil:— 

NO 

CjH ( .N.(CH 4 )j + UNO, = C,H 4 .<^ + H.O. 

N.(CII a ), 

Dimethylaniline. Nitrous /-Nitroso-dimethylanilinc. Water, 
acid. 

Used for making various dyes. 

Diphenylamine, (C 6 H fi ) 2 .NH, is prepared by heating molecular proportions of 
aniline and aniline hydrochloride together in an autoclave for some hours at 200* C., 
boiling with dilute HC 1 to remove aniline, and distilling the residual oil, which is 
diphenylamine. Forms monoclinic plates; M.P. 54* C.; B.P. 310*. 

The Phenylenediamines, C 6 H 4 (NH 2 ) 2 .—All three varieties are in use:— 

M.P. B.P. 

Orthophenylenediamine - - 102° C. - - 252° C. 

Metaphenylenediamine - 63° C. - • 287* C. 

Paraphenylenediamine - - 147* C. - - 267° C. 

*w-Phenylenediamine is prepared by reducing w-dinitro-benzene with iron and 
hydrochloric acid. 

200 parts of w-dinitro-benzene and 200 parts of water are placed in a large iron vessel provided 
with a mechanical agitator and condenser (see under Aniline, Fig. 196). Steam is blown until the 
mixture boils, then 16 parts of hydrochloric acid are run in and 430 parts of finely ground cast-iron 
borings are slowly added; when the action is complete the liquid is made alkaline with sodium 
carbonate, and boiled up with 800-1,000 parts of water, the liquid filtered from the iron sludge 
(which is again extracted with water) and the solution of the m-phenylenediamine either used 
directly for making substances like Bismarck brown, or it may be neutralised with hydrochloric acid, 
evaporated, and obtained as hydrochloride. On adding concentrated NaOH solution to the 
concentrated hydrochloride solution, the base is set free as an oil, which, rising to the surface, solidifies 
on cooling, and is purified by distillation. 

Colourless solid; M.P. 83* C.; B.P. 287. Soluble in water. 

/-Phenylenediamine is prepared by reducing /-nitraniline with iron and 
hydrochloric acid. 


C,H,NH S (1:4). 

Benzidine, | , is prepared by reducing nitro-benzene with zinc 

c 6 h,nh 2 (1:4) 

dust and caustic soda in an iron vessel provided with a powerful stirrer. Any 
aniline formed is distilled off with steam, and the product run out and treated with 
cold dilute hydrochloric acid to dissolve out zinc hydrate. There is thus left 
hydrazobenzene, C e H 6 .NH.NH.C 6 H 5 Zn + aNaOH - Zn(ONa ) 2 + 2H 

CgH s .N 0 9 + QH # .N 0 2 + 10H = C e H fi .NH - NH - C*H 0 + 4 H f O. 

This is converted into benzidine (by intramolecular change) thus 

C 0 H 0 . NH. NH. C 0 H 0 = NHg.CflH4.CflH4.NHj, 

by boiling with hydrochloric acid, filtering, and precipitating the base as sulphate by 
sulphuric acid or sodium sulphate. The base may be obtained by decomposing 
the sulphate by caustic soda and distilling. Crystalline plates; M.P. 12a*; B.P, 

C„H 4 -N:N.OH 

above 360* C. Nitrous acid converts it into tetrazodiphenyl | 

C„H 4 .N: N.OH 

which combines with sulphonic acids of phenols and amines to form azo colours, 
such as Congo, Chrysamine, which dye cotton from an alkaline bath without a 
mordant. See Synthetic Dyes. 
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Nitraniline, C 6 H 4 .N 0 2 NH 2 .—Of the three varieties the meta and para com¬ 
pounds are chiefly used in colour manufacture. Metanitraniline is prepared by 
the partial reduction of dinitro-benzene with iron and hydrochloric acid, or with 
ammonium sulphide: also from finely powdered aniline nitrate, by adding it, in 
a finely powdered condition, into concentrated sulphuric acid (cooled to — 5* C.) # 
stirring, pouring into 400 1. water, and decomposing with caustic soda; yellow 
prisms, M.P. 114° C. 

Paranitraniline is prepared from /-nitracetanilide (see Nolting and Collin, 
“Ber.,” 17, 262) by warming with dilute sulphuric acid; yellow prisms, M.P. 
147 ° C. 

Amidophenol, C 6 H 4 .NH 2 .OH.— The ortho-amidophenol is obtained by 
mixing 50 parts of 0-nitrophenol with 300 parts of ammonia and reducing by pass¬ 
ing in H 2 S. Meta-amidophenol is obtained by reducing w-nitrophenol, or by 
heating resorcinol with ammonia; para-amidophenol is obtained by reducing 
^-nitrophenol. 

a Naphthyl amines, C 10 H 7 .NH 2 , is manufactured by reducing a-nitro- 
naphthalene with iron and hydrochloric acid, as in the case of aniline. 

800 kg. iron borings and 40 kg. hydrochloric acid are mixed, with the addition of some water, 
in a large vessel provided with a powerful stirring apparatus. The warmed mixture has then added 
to it in small portions about 600 kg. nitronaphthalene, and the reduction proceeds vigorously, con¬ 
tinually stirring the whole time. The nitronaphthalene must be added at such a rate that the 
internal temperature is maintained about 50 8 C. Finally the mixture is, after the reaction has ceased, 
stirred vigorously for six to eight hours, while the temperature is maintained at about 50°>70* C. by 
blowing in steam. Samples are withdrawn from time to time, and the unchanged nitronaphthalene 
estimated (by distilling and dissolving the product in HC 1 ). Finally milk of lime is added (about 
50 kg.), the mixture vigorously stirred, and the vessel emptied. The following reaction takes place 
(Witt):— 

24Fe 2 Cl 2 + 4C 10 H 7 NO 2 4 * 4-^gO = i 2 FejjCl 4 0 + 4 ^-'io-^ 7^^-2 * 
i2Fe2Cl 4 0 + gFe = 3Fe 8 0 4 + 24 FeClj. 

The crude naphthylamine is now distilled from box-shaped iron retorts, through which a stream 
of superheated steam is driven to facilitate distillation, the condensing worms being kept at 60* C. 
by immersion in hot water in order to prevent them from being choked by crystallising naphthylamine. 

The a-naphthylamine is obtained pure by a single redistillation. Flat needles 
or plates with an unpleasant smell—M.P. 50° C.; B.P. 300* C. 

/^-Naphthylamine, C 10 H 7 .NH 2 , is prepared by heating 10 kg. / 3 -naphthol, 
4 kg. NaOH, and 4 kg. NH 4 C 1 in an autoclave for sixty to seventy hours at 150*- 
i6o # C. —M.P. 112 0 C.; B.P. 294. 


* w-Aminophenol, C 6 H 4 (OH).NH 2 , is manufactured by heating 20 kg. NaOH 
with 4 kg. water in an autoclave to 270* C., and then adding 10 kg. m-aminobenzol- 
sulphonic acid, C 0 H 4 .SO 8 H.NH 2 , and heating at 28o # -29o* C. for one hour, when 
the sodium salt of the base is produced thus:— 

>SO a Na .ONa 

C*H 4 < + NasO * C c H 4 < + Na*SO a . 

NNH a ^NH a 


The base, w-aminophenol, may be obtained by decomposing the sodium salt 
with acid or carbon dioxide. 

< 0 H 

/r , is prepared in a similar manner 
N.(CHj) 2 

from the sulphonic acid of dimethylaniline. x 
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Aminonaphthol, C, 0 H 



is likewise prepared by fusing naphthylamine- 


sulpbonic acid, C 10 Ha <^ 


S0 3 1I 
NH 2 ’ 


with caustic soda. 


Pyridine, C 6 H 6 N, is obtained from the sulphuric acid washings of light benzol 
as described p. 420, also from bone tar or bone oil (obtained during the dry 
distillation of bones for animal charcoal). Colourless mobile oil, of unpleasant 
smell, B.P. 116.7 0 C.; sp. gr. (o° C.) = 0.9858. 


Quinoline, G 4) H 7 N, is an oily liquid, B.P. 238° C. ; sp. gr. (20* C.)=* 1.094; 
occurs in the coal-tar and bone-oil bases. It is prepared by heating aniline 
(216 parts) and glycerol (600 parts) with concentrated sulphuric acid (600 parts) 
and nitro-benzene (144 parts) for one day at 125° C., then at i8o 0 -2oo 0 C. until 
reaction is complete. 

The glycerol decomposes thus:— 

C 8 ll 8 0 3 - 2lI a O = CII 2 : CII.CIIO, 

Glycerol. Watei. Acrolein. 

and the acrolein combines with the aniline thus:— 

C 6 H v NII 2 + CJI 4 0 + O a .C y II r N + 2IL.O. 

Aniline. Acrolein. Oxygen 

from i he 
nitro-ben/ene. 


The mixture is diluted wit h water, excess of nitro-benzene boiled off, the base 
set free by soda, the quinoline is distilled, purified from aniline by treating in acid 
solution with K 2 Cr 2 0 7 or NaNCX,. Yield, 70 per cent. 

The quinoline of commerce, usually obtained from the basic portions of coal-tar oils, contains 
quinaldine. C10H9N, and isoqmnoline, C 9 1 I 7 N. The former may be prepared in a similar manr.ei 
by heating aniline and aldehyde, or paraldehyde with dehydrating agents, such as aluminium 
chloride and hydrochloric acid. 


Acridin, C 13 H 0 N, a derivative of anthracene, is a crystalline body produced 
by treating diphenylamine, C 6 H 5 .NH.C e H 5 , and formic acid, H.COOH, with zinc 
chloride. Also obtained, along with quinoline, from the sulphuric acid washings 
of the heavier coal-tar oils. 

Phenylhydrazine, C 6 H V NH.NH 2 . —10 parts aniline are dissolved in 
200 parts concentrated HC1, the liquid cooled, and 7.5 parts of sodium nitrite^ 
dissolved in 50 parts water, are gradually added. Diazobenzene chloride is formed, 
thus:— 

C a lI 6 .NII 2 .HCl + Na$ 0 2 + HC 1 = C 6 II 5 - N « N - Cl + NaCl + 2lI s O. 

The solution is then neutralised and reduced by adding neutral potassium sulphite 
and acid metasulphite:— 

N a . Cl + K a SO s = C 6 H v N. 2 .SO,K f KCI. 

CeH 5 .N 3 .SOiK + KHSOj + H 2 0 » C 0 H 5 .NlI.NH.SOiK; + KIIS0 4 . 

The phenylhydrazine-/-sulphonic acid, C fi H 5 .NH.NTI.S 0 3 H, thus obtained is used 
directly thus in the colour industry. If the base itself is required (for manu¬ 
facturing antipyrene), the solution is boiled with concentrated HC 1 , when the 
chlorhydrate C 6 H 6 .NH.NH2.HC1, is obtained, and from this the base may be set 
free by adding alkaHti. When quite pure forms crystals, M.P. 23° C. As usually 
obtained it is an oil, B.P. 241 ** 242 ° C. 
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Sulphur Bases 


When /Moluidine is heated with sulphur at 140° C. in the presence of lead oxide. 
Thiotoluidine is obtained (Merz and Werth, Ber,, 4, 393), thus:— 




CH a 

+ s 2 = H 2 S + 


NHo 


/-Toluidine. Sulphur. 


yCH„ 

NH S 

N C«H 8< / CIIa 

''NIIjj 

Thio-/-toluidine. 


The bases crystallise from alcohol in colourless, odourless plates, and unite 
with two molecules of HC 1 , thus:—C h H 10 N 2 S,2HC1. If p toluidine is heated 
with more sulphur to a higher temperature (eighteen hours at i8o°-I 90° C. and six 
hours at 2oo°~2 2o°), Toluthiazol is obtained :— 


C 7 H 9 N + 2S 2 = 3lI 2 S + C 14 H 12 N 2 S, 

/-Toluidine. '1 oluthia/ol. 

and has 'he constitution CH 8 .C a H 3 <^^^C.C 0 H 4 .NH 2 . 


This is not a dyestuff, but if a higher temperature and more sulphur be 
employed in its preparation, a base is formed which on sulphonation yields 

Primuline Yellow. 

A large and important class of sulphur colours are derived from these and 
similar bases, which are now rapidly increasing in value. 

Aldehydes 

Benzaldehyde (bitter almond oil), C 6 TI 6 .CHO. 


Preparation. —(i) By heating under 4 or 5 atmospheres pressure a mixture of 
benzylidene dichloride and benzotrichloride with the theoretical amount of caustic 
soda or lime, and distilling off the benzaldehyde with steam. Sodium or calcium 
benzoate remains behind :— 


C 6 H 6 .CHC 1 2 + 2NaOII = C b II,.CIIO 4- 2NaCl + II./). 

Beiual chloride. Caustic soda. Ueu/aldehyde. Water. 

Small quantities of chlorine compounds are contained in benzaldehyde prepared 
in this way. This does not matter for the colour industry, but if the benzaldehyde 
is to be used for perfuming purposes, it loses greatly in value, and now is success¬ 
fully prepared for this purpose (2) by oxidising toluene with nickel or cobalt oxide 
(German Patent, 306,071, 1901; Chemiker Zeitung, 25, 439, 1901). 

Colourless liquid with smell of bitter almonds, B.P. 180° C.; sp. gr. (15* C.) = 
1.0504. 

Valuation. —90 per cent, of commercial product should distil between 177 0 C. and 181* C. ; 
should have sp. gr. at 15 0 C. = 1.0504 ; 1 volume should dissolve almost completely in 10 volumes 
warm aqueous sodium bisulphite, sp. gr. 1.11, and on extracting solution with ether, evaporating 
ether, no pungent-smelling residue should be left (benzyl chloride). Chlorine is detected by fusing 
with sodium hydrate and nitrate, and precipitating with silver nitrate. Adulteration with nitro-benzene 
is detected by a green colour on heating with strong potash solution, also by presence of N (heating 
with Na). On long keeping it oxidises to benzoic acid which crystallises out. 


Carboxylic Acids 

Benzoic Acid, C o H 0 ,COOH, is prepared from the calcium or sodium benzoate 
left in the preparation of benzaldehyde (see above); after distilling off all the 
benzaldehyde the calcium benzoate is decomposed by hydrochloric acid, the 
precipitated benzoic acid is filtered off, dried, and sublimed. White needles, M.P. 
121 * C. , B.P. 249* C. Soluble in boiling water. 
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‘Salicylic Acid, C 8 H 4 ( 0 H).C 0 2 H, is prepared by submitting dry sodium 
phenate (from phenol and caustic soda) to the action of dry carbon dioxide gas at 
ordinary temperatures, when sodium phenyl carbonate is formed:— 

C fl H 6 .ONa + CO a * C 8 H 5 0 .C 0 2 . Na. 


This is then heated in a closed vessel at i2o°i3o B C. for several hours, when it 
is converted quantitatively into sodium salicylate— 


QH5O.COo.Na 



which is dissolved in water and salicylic acid precipitated by adding hydrochloric 
acid. White needles, M.P. 156°. Steam-volatile. Sparingly soluble in cold water. 
Gives a violet coloration with ferric chloride. 

The manufacture and decolorisation are difficult. For details see D.R. Patents, 429, 29,939, 
38,742, 65,131, 67,893, 73,279, 78,708, l 33 >Soo; also see Rautert, Ber. t 1875, 8 , 537; Henderson. 
Joum. Soc . Chem. Ind.> 1890, 9, 591. 

Phthalic Acid (/j-benzenedicarboxylic acid, C 0 H 4 .(CO 2 H) 2 (1: 2). 


Preparation. —100 parts naphthalene, i,foo parts concentrated sulphuric acid, 50parts mercury 
are heated together until the naphthalene is dissolved ; then the mass is heated to 300* C. in a still, 
when sulphur dioxide, carbon dioxide, water, phthalic acid, and phthalic anhydride distil over. On 
cooling the crystals of phthalic acid are separated and dried by the centrifugal machine. 


When heated with ammonia it yields phthalimide, C 6 


h -O nh ' 


Plates, M.P. 213° C.; sparingly soluble in cold water, insoluble in chloroform. 

CO 

The anhydride, C e H 4 <^Q^O, forms long white needles, M.P. 128° C .; 

B.P. 284* C. Largely used as a raw material for anthranilic acid, and so for 
synthetic indigo. 


Anthranilic Acid (0-aminobenzoic acid), C 6 H 4 (NH 2 ).C 0 2 H, is prepared by 
dissolving 1 part phthalimide and 2 parts NaOH in 7 parts water, cooling, and 
gradually stirring in 10 parts of sodium hypochlorite solution (5 per cent. NaOCl); 
finally heating to 80* C. for some minutes, cooling, neutralising, and adding acetic 
acid in excess, when the greater part of the anthranilic acid separates out:— 


C f H 


O nh + NaOCl + 3NaOH 


w <o 


NH a 
OONa 


+ Na^CO,. + NaCl 4 H* 0 . 


The anthranilic acid still remaining in solution is precipitated in the form of a 
copper salt by adding copper acetate. Can also be easily prepared from 0-chlor- 
benzoic add, C 6 H 4 .Cl.COOH (1:2), by heating with NH 8 in the presence of a trace 
of copper. (In the absence of copper no action takes place.) Colourless plates, 
M.P. 145* C. Used for manufacturing artificial indigo (see p. 460). 


Diazo Compounds 

LITERATURE 

Caiw.— 1 M Chemistry of the Diazo Compounds.” London, 1908. 

See also under Synthetic Dyes. 

When a solution of sodium nitrite is added to a solution of a primary amine (containing the group 
NH S ), and the mixture is acidified, “ Diazo Compounds,” containing the group,—N«N—, are formed, 
which are usually unstable and sometimes explosive, but nevertheless give nse to a large number of 
valuable colouring matters* 

Diazobenzene chloride, C 8 H 8 —N=N—Cl, one of the most frequently used 
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diazo compounds, is only known in solution, and is obtained by " diazotising 99 
aniline hydrochloride according to the following equation :— 

C 6 H 5 .NII 2 .HC 1 + NaN 0 2 + HC 1 = C 6 II 5 —N—N—Cl + NaCl + 2 H 2 0 

Aniline hydrochloride. Sodium Hydrochloric Diazobenzene Sodium Water: 

nitrite. acid. chloride. chloride. 

The solution of aniline hydrochloride is cooled by adding ice, and a 10 per cent, solution 
(accurately titrated) of sodium nitrite gradually run in, in the exact amount required to decompose 
the base, excess of nitrous acid being avoided {test: free nitrous acid turns KI + starch paper 
blue). The diazobenzene chloride is then immediately used while still in a liquid form. 

Similarly Diazobenzene nitrate, C 6 H 6 —N=N—NO s , may be obtained by 
diazotising a solution of aniline in nitric acid (aniline nitrate), but although it can 
be obtained in a crystalline state, is always used in the liquid form, since the solid 
product is dangerously explosive. 

All these diazo compounds are extremely reactive in the liquid form. For example, diazobenzene 
chloride, when added to aniline, immediately reacts as follows :— 

C 6 H 5 ~N 2 ~C 1 + 2C 6 H 6 .NH a « C 6 H e —N=N—NH.C e H 5 + C e H B .NH 2 .HCl. 

Diazobenzene chloride. Aniline. Diazoaminobenzere 

(Gold yellow dye). 

The product, in the presence of aniline salts, may undergo an intramolecular transformation, 
forming aminoazobenzol : C 6 H 6 .N=N—C 6 H 6 .NH 2 , which again can be diazotised. Besides 
monodiazo compounds di-, tri-, tetra-diazo compounds occur, containing two, three, four, and more 
“diazo groups/’ —N=N—, and these bodies form an enormous number of colouring matters known 
as “azo dyes” {g.v.). 


Sulphonic Acids 

This important class of bodies contains the group SO ? H, and, accordingly as 
this occurs once, twice, or more, are known as mono-, di-, tri-, etc., sulphonic acids. 
They are, as a class, distinguished by their solubility in water, and thus arises the 
possibility of using many substances as “dyes” which, unless sulphonated, are 
insoluble and so useless. They are formed by acting on aromatic compounds with 
the following three agents:— 

r. Concentrated Sulphuric Acid, 66° B 6 . in the cold. 

2. Fuming Sulphuric Acid, consisting of S0 8 dissolved in concentrated 

h 2 so 4 . 

3. Chlorsulphonic Acid, SO3HCI, prepared by heating together fuming 
sulphuric acid and salt:— 

HgSjA + NaCl = SO3HCI + NaiIS 0 4 . 

Fuming sulphuric 
acid. 

In the last named agent, the sulphonation, although proceeding readily, has the 
disadvantage of being attended with the evolution of HC 1 gas, thus :— 

S 0 8 HC 1 + C e II 6 = C a H 6 .S 0 8 II + IIC 1 

Chlorosulphonic Benzene. Benzene sulphonic Hydro¬ 
acid. acid. chloric 

acid. 

Benzene-monosulphonic Acid, C 0 H 6 .SO 8 H +1JH 2 0 , is prepared by 
agitating together 2 parts of benzene and 3 parts fuming sulphuric acid, with gentle 
warming, until no more benzene is dissolved. Next chalk is added and the 
liquid filtered from the precipitated calcium sulphate, and concentrated. Needles, 
M.P. 4o°-42° C ; deliquescent. 

Dr Tyrer’s ptocess consists in passing benzene vapour through sulphuric acid (1.84 sp. gr.), at 
80M85 0 C. 86 per cent, of phenylsulphonic acid is produced, and 14-15 P«r cent. HiS 0 4 remains 
unchanged. 

m- and /-Benzene disulphonic Acid, C a H 4 (S 0 8 H) 2 (1:3) and (1:4).—A 
mixture of both these acids is used for preparing resorcin. 1 part benzene vapour 
is led into 4 parts concentrated sulphuric acid heated to 240° C. in retorts provided 
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with reflux condensers. The acid is neutralised with chalk, and the calcium salts 
crystallised from water, when the meta compound crystallises first. Sometimes the 
calcium salts are transformed into potassium salts and the isomers separated by 
crystallisation, the potassium salt of the meta acid being less soluble than that of 
the para acid. 

/-Sulphanilic Acid, C d H 4 .NII 2 .S 0 3 H (l : 4), is prepared by mixing 100 parts 
of aniline with 105 parts of concentrated sulphuric arid, and heating on trays in an 
oven at i8o°-2 2o° C. w-Sulphanilic Acid is prepared by reducing w-ni trobenzene- 
sulphonic acid. Both varieties are colourless, crystalline solids, moderately soluble 
in water. 

Xylidine Sulphonic Acid, C b H 2 (CfI 3 ) 2 NH 2 .S 0 3 H, is prepared by heating 
commercial xylidene (120 parts) with 400 parts of fuming (20 per cent. S 0 3 ) 
sulphuric acid, pouring the product into cold water, when the sparingly soluble 
sulphonic acid of metaxylidcne, C d H 2 .(CH 3 ) 2 .NH 2 .S 0 3 H (1 : 3 : 4 : 6), separates out. 
The mother liquor is converted into sodium salts and concentrated, when sodium 
^-xylidene sulphonate, (114:2:5), separates out. 

Nitrotoluene Sulphonic Acid, C d H 8 .CH 3 . 
S 0 3 H.N 0 2 , is prepared by dissolving 1 part of 
/-nitrotoluol in 3 parts of fuming sulphuric acid 
and running the mixture into 15 parts of satu¬ 
rated brine, when the sodium salt of the acid 
crystallises out. 

Naphthalene Sulphonic Acids, 

C 10 H 7 .SO 3 H.—The «-aeid is obtained by treating 
1 part finely divided naphthalene with 2 parts 
concentrated H 2 S 0 4 or 10-15 P cr cent, fuming 
sulphuric acid, keeping the temperature between 
20' C. and 40° C. By raising the temperature 
to i6o°-i8o* C. the /#-acid is obtained, and can 
be separated as a calcium salt. 

Naphthalene - disulphonic Acid, C 10 H d . 

(S 0 3 H) 2 , is obtained by heating 1 part naphthalene 
with 5 parts concentrated H 2 SG 4 for four hours at i6o u -iSo° C., and separating 
the a- and /2-sulphonic acid, produced at the same time, as calcium salts. 

Naphthylamine Sulphonic Acid C 10 H d .SO 3 H.NH 2 , is prepared by heating 
naphthalene sulphonic acid with a 20 per cent, ammonia solution in an autoclave 
under a pressure of 12 atmospheres :— 

C 10 1I 7 .SO ; 1 1I + MIj + H a O = O 10 ll 0 .(S< ) a II).NH 2 . + H y + II 2 0. 

* Since hydrogen is formed and may not escape directly into the air (since it 
forms an explosive mixture with air) a special apparatus is used whereby contact 
of the hydrogen with air is avoided when the contents are discharged. A long 
tube abc passes through the cover down nearly but not quite to the bottom of the 
autoclave, the tube being bent at its upper end e, as in Fig. 198, and this part 
of the bend is filled with water, which prevents access of air to the hydrogen in 
the boiler. During the reaction the tube is firmly closed. But when the reaction 
is completed the tube is connected to another tube and the hydrogen pressure in 
the interior is used to force out the contents through the central tube—only a small 
residue of liquid finally remaining in the boiler, which is used again for another 
operation. 


I IN 



Fig. 198 . 



COAL-TAR PRODUCTS 


43 > 


no on 


a^-Dioxynaphthalene^-sulphonic Acid, 



is produced by melt- 


SOJl 


ing a^a^naphthol disulphonic acid with solid NaOII at 250° C., or with NaOH 
solution under pressure. White crystals ; produces valuable azo dyes. 


/^/VNaphthylamine Sulphonic Acid, II0 s 


00 


NIL 


is prepared by 


heating the ammonium salt of /^/^-naphthol sulphonic acid for two days at 180 0 - _ 
200° C. in an autoclave :— 


/OH /NH 2 

C 10 II a < - C i0 H 8 < + II a O, 

NsO a .NII 4 \S0*H 


OH 


^i a 4^8“Aminonaphthol Sulphonic Acid, /\/\_nh 2 , is produced by 

lio « ? vV 

melting / 2 -naphthylamine disulphonic acid with NaOH at 185° C. for six hours in 
an autoclave. 


Phenylhydrazine/sulphonic Acid, C 6 H 4 .(NH.NH 2 ).S 0 3 H (1: 4), is 
obtained by reducing diazobenzene sulphonic acid (from /-sulphanilic acid) with 
sodium sulphite and boiling with concentrated HC 1 . Also by sulphonating phenyl- 
hydrazine (which see). 

The Phenols (see Phenol, Cresol, p. 422). 

Resorcinol, C 6 II 4 .(OH) 2 . (1:3), is prepared by heating for eight to nine hours 
to a temperature of 270° C. 60 kg. of sodium benzene disulphonate with 150 kg. 
of caustic soda in a cast-iron vessel, provided with mechanical agitation. The 
product is dissolved in water, acidified, extracted with ether, the ether distilled, and 
the crude resorcinol so obtained purified by sublimation or crystallisation. Crystal¬ 
line solid; M.P. 118 0 C.; B.P. 277 0 C. 

Pyrogallol, C 6 H 3 .(OH) 3 . (1:2:3), is prepared by heating gallic acid with three 
times its weight of water for half an hour at 2oo°-2io° C. in an autoclave. A pad 
of papp& is inserted round the lid of the cover so that the C 0 2 gradually escapes: — 

C 8 U 2 (OIIb.COOH = C„H { .(OH) 3 + CO* 

Gallic acid. l*>rogallol. Carbon 

dioxide. 

The solution is boiled with animal charcoal, filtered, and evaporated. 
White needles; M.P. 132 0 C.; B.P. 210° C.; easily soluble in water. Its solution 
in alkali rapidly absorbs oxygen from the air. 


The Naphthols, C 10 U r OH 

Two varieties exist: a-naphthol, M.P. 94’ C.; /?-naphthol, M.P. 122 0 C. 
a-Naphthol is prepared by fusing sodium a-naphthalene sulphonate (1 part) 
with 2-3 parts caustic soda and a little water at 2 7o°-3oo° C. in an iron 
vessel provided with an agitator. The sodium naphtholate rises to the surface, 
is separated from the lower layer of caustic soda and sodium sulphite, and 
decomposed with C 0 2 gas. The precipitated naphthol is dried and distilled:— 
C 10 H r .SO s H + K 2 0 - C 10 H r .OK + K 2 S 0 8 . The /J naphthol is prepared in a 
similar way from the ^-naphthalene sulphonic acid. 

Usually the a-naphthol is contaminated with 5*10 per cent. jS-naphthol. It may be prepared pure 
either by fractionally crystallising its salts, or, better, by decomposing a-naphthylamine with water 
in an autoclave:—a.C 10 H 7 .NH 2 + H s 0 ~a.C lQ II Y .OH + NH,. 
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Ketones 

Anthraquinone, C,H 4 <S* H 4 , is manufactured by oxidising anthracene. 

Finely powdered commercial anthracene (containing 60-90 per cent, anthracene) is 
agitated with a boiling solution of sodium or potassium bichromate (1 molecule 
bichromate: 1 molecule of true anthracene), while dilute H 2 S 0 4 solution (4 molecules 
H 2 S 0 4 to every molecule of bichromate used) is slowly run in over nine to ten 
hours. The mixture is boiled, the crude anthraquinone filtered off, dried, and ground. 
It is then purified from any phenanthrene, acridine, carbazol, etc., present by 
heating with *two to three times its weight of concentrated H 2 S 0 4 at iio° C. and 
pouring the mass into water. The impurities are changed into soluble sulphonic 
acids, while the anthraquinone is precipitated unchanged. It is washed with soda, 
filtered, and dried, and then contains 90-95 per cent, pure anthraquinone. It is 
then used immediately for making alizarin (q,v,). Yellow needles, M.P. 277* C. 
Fuming sulphuric acid converts it into monosulphonic acid, C 10 H 7 O 2 .SO 8 H, which, 
when fused with caustic soda, yields alizarin. 


Benzophenone or Diphenyl Ketone, C 6 H 5 .CO.C 0 H 6 , and Phenylmethyl- 
ketone or Acetophenone, C 6 H 6 .CO.CH 3 , are obtained by the distillation of the 
calcium salts of the corresponding acids:— 

(CjHg.COalgCa = C e H 6 .CO.C fl H 6 + CaC 0 3 . 

Calcium benzoate. Benzophenone. 

(C,H..CO s .) a Ca + (CoH s 0 2 ) s Ca = 2C„H 5 .CO.CH, + 2CaCO r 

Calcium benzoate. Calcium acetate. Acetophenone. 


Nitro-, amino-, and diamino-derivatives of these bodies are used, e.g., Diamino- 
benzophenone, NH 2 .C # H 4 —CO—C„H 4 .NH 2 , prepared by nitrating benzophenone 
and then reducing. 


Tetramethyldiaminobenzophenone, CO 


yC # H 4 .N(CH 3 ) 2 

\C 6 H 4 .N(CH 2 ) 2 > 


is manufactured 


by passing phosgene gas, COCl 2 (prepared by direct union of CO and Cl 2 in 
sunlight, and, since it easily liquefies at 8° C. under atmospheric pressure, con¬ 
densed to a liquid by pressure and kept stored up in steel cylinders), is passed into 
Dimethylaniline at ordinary temperatures until the dimethylaniline has increased 


50 per cent, by weight:— 


2q,H 8 .N(CH s ) 2 + COCl a = COtQIL.NfCH,),,! + 2HCI. 

Dimethylaniline. Phosgene Tetrmmetnvldiamino- 

gas. benzophenone. 


The liquid is then heated for some time, the excess of dimethylaniline steam- 
distilled off, the residue dissolved in HC 1 and precipitated by alkali. Solid; M.P. 
179° C. It is converted on a large scale by reducing agents into Tetramethyl- 
diaminobenzbydrol, HO.CH.[C 6 H 4 N(CH 8 ) 2 ] 2 (see p. 466). 


APPENDIX 

Preparation of Organic Compounds by Electrical Processes 

LITERATURE 

Walther Lob’s “Die Elektrochemie der organische Verbindungen.” 3rd Edition. 
Halle, 1905. 

Elbs’ “ Ubungsbeispiele fttr die elektrolytisebe Darstellung Chemische PrxLparate.* 1 
Halle, 1902. 

Fischer’s Jahresberichte cUr ckem . Technologic, 1884 onwards. 

The electrolytic oxidation and reduction of organic compounds have been the 
subject of investigation for many years, and has been attended with important 
technical results. 



COAL-TAR PRODUCTS 


435 


Thus Elbs and Brunner (Zeit, f Elektrochcmie, 6, 604, 1900) obtained a yield 
of 80 per cent formaldehyde by electrolysing a sulphuric acid solution of methyl 
alcohol. 

Iodoform may be prepared by electrolysing a mixture of 14 parts sodium 
carbonate (anhydrous), 10 parts KI, 100 parts water, 20 parts alcohol, at a 
temperature of 70° C. :— 

CH 8 .CH 2 OH + 10I + 11*0 « CHI S + C 0 2 + 7HI. 

A quantitative yield of Bromoform, CHBr 3 , is obtained by electrolysing an 
aqueous solution of acetone and KBr {Ztschr. fur Elektrochcmie , 10, 409, 1904). 

Chloral is obtained ( Elektrochem . Ztschr ., i. 70, 1894) by allowing alcohol 
to flow into the anode chamber of a cell in which a KC 1 solution is being 
electrolysed. 

Crude sugar-rich liquids are now purified by electrolytic reduction 
{Jahrbuch der Elektrochcmie, 3, 322, 1896; 8, 628, 1901). 

Acetone is reduced by electrolysis in an acid or alkali solution tc Isopropylalcohol 
and Pmacone (D. R. Pat., Nr. 113,719, 1899). 


Nitrobenzene, C 6 H 6 .N 0 2 , can be electrolytically reduced in stages, first to 
azo compounds, then to hydrazo compounds ( Jahresber . d. chem . Tech, 1894, 1896, 
1901). The same holds true of other nitro-aromatic bodies. 

Thus, Azo-toluol is obtained by electrolytically reducing nitrotoluols 
(Rohde, loc . cit ., 1899). Amino compounds, however, are finally obtained by 
electrolysing certain nitro-bodies. Thus, ^-Nitro-dimethylaniline gives on 
electrolytic reduction first Tetramethyl-/B-diaminoazobenzol, and finally 
Tetramethyl-^-diaminohydrazobenzol. w-Nitraniline may be electrolytically 
reduced to #;-DiaminoazODenzol (Wiilfing, 1899). 

Farbenfabr. Bayer { 1901) made the important discovery that nitro-bodies are 
readily reduced to azo and hydrazo compounds without their necessarily being 
dissolved in a solvent (such as alcohol, nitrobenzene, etc.). The cathode consists 
of a metal such as zinc, tin, lead, etc., and surrounding it is placed an alkaline 
solution of the metal and the nitro-body to be reduced. The anode is separated 
from the cathode by a diaphragm, and consists of carbon, platinum, or some other 
inactive substance, immersed in a solution of soda, sodium sulphate, or sodium 
chloride. In the last case chlorine is evolved and may be employed to give rise 
to chlorine derivatives. The liquid about the cathode is vigorously stirred during 
the passage of the current. If the nitro-body is volatile, condensers must be 
attached to the cathodic chambers, since the heat evolved by the current may 
cause the nitro-body to volatilise. By such an apparatus they convert nitrobenzene 
completely into azobenzol in six to seven hours, the solid azobenzol separating 
when the cathodic f nid is cooled and is purified in the usual way. The production 
of hydrazobenzene requires a longer time. 


Paranitrotoluene, C-H4.NOu.CH3, may be completely oxidised to Paranitro- 
benzoic Acid, C 8 H 4 . N 0 2 . CO OH, by dissolving 7.5 parts paranitrotoluene in 
40 parts glacial acetic acid, adding 20 parts concentrated H 2 S 0 4 and 20 parts 
water and 0.1 part MnS 0 4 , then placing the mixture in the anodic compartment 
of an electrolytic cell, and electrolysing at 8o # C. with a current density of 
175 amperes per square metre (Boehmiger, Jahresberichte d. chem . Tech, 1901). 


Aniline may be somewhat similarly oxidised to Quinone at the anode of an 
electrolytic cell 
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Benzidine may be prepared electrolytically from nitrobenzene (see Lob, 
Jahresberichte d . chem . Tech, 1900, 1901). 10 parts of nitrobenzene are dissolved 

in 50 parts of a 3 per cent NaOH solution, placed in the cathodic compartment of 
an electrolytic cell, and vigorously stirred while a current of xo amperes per 
100 sq. cm. is passed at a temperature of 8o°-ioo° C. until the whole is reduced 
to the a/oxy state. 

Then 20 parts H 2 S 0 4 in 50 parts water are added, and reduction carried 
further at ordinary temperatures, when the a/oxybenzene passes completely into 
benzidine sulphate. 0-Nitrotoluene may be in an exactly similar manner reduced 
to o azoxytoluene, which is then acidified as above and reduced to tolidine sulphate. 

r l he above brief account gives an idea of the technically important results which 
can follow the applit ation of electrical processes to organic compounds. 


SECTION XIII 

Industry of the Synthetic Colouring 
Mutters 
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INDUSTRY OF THE SYNTHETIC 
COLOURING MATTERS 
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Introduction 

The origin and development of the coal-tar dye industry represents one of the greatest triumphs 
of modern chemistry. 

In 1834 Runge discovered phenol and aniline in coal-tar. The researches of A. W. Hofmann 
(1842-63) revealed the chemical nature of several of the more important constituents of coal-tar. 
The industry practically dates from 1856, when Perkin obtained Mauve by oxidising aniline. In 
1859 Vergum isolated Fuchsine. Soon afterwards Aniline Blue was discovered, which Hofmann 
in 1863 wowed to be a derivative of Rosaniline. In 1868 and in 1869 Graebe and Liebermann 
synthesised Alizarin from anthracene by two methods, the second of these being almost simul¬ 
taneously discovered by Perkin. In 1871 Baeyer discovered the Phthaleins. In 1876 E. and O. 
Fischer worked out the constitution of the Rosaniline colours. About the same time the manu¬ 
facture of the Azo colours was begun. In 1884 the Congo Red Cotton Dyes were introduced. 
Indigo was synthesised by Baeyer in 1880, but its manufacture only became a commercial success 
after Heumann’s synthesis in 1890, the product being placed on the market by the Badische Anilin- 
und Soda-Fabrik m 1897. The first sulphur dye, Cachou de Laval, was made by Croissant and 
Bretonni&re in 1873, but the sulphide dye manufacture dates practically from Vidal Black (1893). 
In recent years the most noteworthy dates are 1901, the year of the discovery of the first Anthracene 
Vat Dyes by the Badische Anilin- und- Soda Fabrik, and 1905, when Thioindigo was produced by 
Friedlander. 

Although the dye industry was founded in England by Perkin, who established a factory for the 
manufacture of Mauve, and later of Alizarin, the trade has gone largely into German hands. This 
has been attributed to a variety of causes which cannot be considered at length here. Suffice it to 
say that probably one of the most weighty of these causes was the unfortunate divorce of science 
from industry wnich largely prevailed in this country until recently, whereas the contrary was the 
esse in Germany* It is noteworthy that the men who founded and built up the enormous German 
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undertakings were not business men in the usual sense of the word, hut were themselves chemists 
of note and realised to the full the importance of research. Then, too, every improvement was 
patented, and the industry was thus gradually surrounded by a ling of patents, which rendered the 
entry of new competitors into the market increasingly difficult. Among the German colour factories 
the following may be especially noted : The Badische Anilin- und Soda-Fabrik in Ludwigshafen am 
Rhein is the largest chemical factory in the woild, employing 7,500 workmen, 197 university 
trained chemists, 95 engineers, and 709 clerks (1906). The Farhenfabriken vormals F. Bayer & Co. 
in Elherfeld and Leverkusen is almost as large. Other very large firms are Cassella & Co. in Frank¬ 
furt am Main, the Farbwerke vormals Meister Lucius & Brttning of Hochst, the Aktiengescllschaft 
liir Anilin Fabrikation of Berlin, and Kalle & Co. of Biebrich. The most important English firms 
are Read Holliday & Sons of Huddersfield, and Levinstein & Co. of Manchester. 

The worth of the coal-tar colours manufactured annually amounted in 1910 to ^20,000,000 ; over 
three-quarters of this value are manufactured by the German firms. 

Statistics.—The following numbers show the value of the import of synthetic dyes into the 
United Kingdom (almost entirely from Germany):— 

Imports 



1906, 

I 9 I 3 - 

Value in 1913. 

Alizarin and anthracene dye-stuffs - 
Aniline and naphthalene dye-stuffs - 

Synthetic indigo. 

Other coal-tar dye-stuffs - 

Total - 

* Cwt. 

57,300 

188,600 

39,000 

700 

Cwt. 

60,800 

2S3,000 

23,900 

155 

,£272,000 

1,54^,000 

76,700 

570,000 

285,600 

367.855 

£2,461,700 


The export of coal-tar dyes from the United Kingdom amounted in 1910 to 56,000 cwt., value 
196,000. 

The United States imported, principally from Germany:— 



1906. 

1910. 

Value in 1910. 

Alizarin colours. 

Coal-tar colours and dyes 

Indigo. 

Lbs. 

3,882,000 

7 , 393 , 000 

I 

Lbs. 

3,023,000 

7,540,000 

$648,000 
6,011,000 
1,196,000 


The United States exported of dyes and dye-stuffs—$491,000 in 1906, and $380,000 in 1910. 

The Gennan net export of coal-tar colours (including aniline oils and intermediate products) 
amounted in 1909 to 1,600,000 cwt. (more exactly, 83,250 metric tons), having a net value of 
^10,000,000. 

For statistics regarding Indigo see p. 46 L 

Almost all the artificial colouring matters are derivatives of benzene, naphthalene, 
or anthracene, which are obtained from coal tar. 1,000 tons of coal-tar yield, when 
worked up, 2.5 tons of fuchsine, 0.75 ton of indigo, 0.2 ton of alizarin, and 0.2 ton 
of picric acid. Since the number of artificial dye-stuffs runs into several thousands, 
it is impossible within the .limits of the present article to mention more than a few 
of the more important of each separate group, placing special emphasis on new 
classes of dye-stuffs, such as have been specially developed within the last few 
years. For particulars of special dyes the reader must consult the works cited at 
the beginning of this section. 

Classification of Dyes.— Dyes may be classified either according to their 
chemical composition or according to their dyeing properties. In discussing the 
manufacture of dyes, the former method of procedure is the only suitable one, 
the second method being used when the technology of dyeing is under consideration. 
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The following scheme shows the arrangement followed in the present article, the 
three groups which are of the greatest importance at the present time being con¬ 
sidered first:— 

1. A/,o dyes (including pyrazolone and stilbene dyes). 

2. Dyes of the anthracene series. 

3. Dyes of the indigo and thioindigo series. 

4. Di- and tri-aryl methane dyes. 

5. Pyrone dyes. 

6. Azine dyes. 

7. Oxazine dyes. 

8. Dyes containing sulphur (thiazine, thiazole, and sulphide dyes). 

9. Acridine dyes. 

10. Minor groups of dyes—nitro and nitroso dyes, quinoline dyes, oxyketone 
dyes, indophenols, indamines, aniline black. 

We will take them in this order in the following pages. 


1. AZO DYES 

The azo dyes form the largest group of dyes known; they derive the name 
from their characteristic azo group, consisting of two nitrogen atoms and usually 
written —N=N—, or —N 2 —. According as the azo group occurs one, two, three, 
four, etc., times in the molecule, the dyes are described ds monoazo, disazo, trisazo, 
tetrakisazo, etc. 

The azo dyes were discovered by Griess in 1858 and some were put on the 
market soon afterwards, but as a class the dyes did not come into existence until 
about 1876. 

Method of Preparation. —When a primary amine is treated with nitrous 
acid at a low temperature, diazo compounds are formed according to the equation :— 

R.NII* + HN 0 2 = R.N=N.OH + H a O. 

Amine. Nitrous Diazo 

acid. hydroxide. 

In practice aromatic amines only are used, and nitrous acid is replaced by 
sodium nitrite and an acid, usually hydrochloric acid. The reaction then 
becomes:— 

R.NH 2 + NaNOg + 2 HC 1 = R.N=N.C 1 + NaCl + 2H a O. 

Amine. Diazo chloride. 

The diazo compounds can then react with other compounds, usually aromatic 
amines or phenols, producing azo compounds, which, if of suitable constitution, 
act as dyes. The reaction is:— 

R.N=N.C 1 + R*H a R.N*s=N.R l + HC 1 . 

Diazo Second Azo 

compound. component. compound. 

The amine which is diazotised is referred to as the diazo or first component, 
while the compound R a H is called the second component. 

The operation is carried out in practice as follows :— 

A molecular proportion of the amine to be diazotised is dissolved in water with about 2} mole¬ 
cular parts of hydrochloric acid; a solution of a molecular part of nitrite is then run in gradually 
while the reaction mixture is kept cool and stirred. After diazotisation is complete, the solution is 
added to a solution of a molecular proportion of the second component, and stirring is continued 
until the combination is finished; the aye either precipitates or is salted out by means of salt or 
hydrochloric add, and is filtered off, washed and dried. 

The diazo reaction is capable of very wide application, but some amines cannot 
be diazotised except under sj>ecial conditions, while others do not give the normal 
diazo salts—some of these will be noted later. The diazo compounds in general 
are not very stable, accordingly some amines (aniline, toluidines, etc.) must be 

32 
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diazotised at o # G, while for others (nitraniiines, naphthylamines, etc.) a temperature 
of about io° C. is suitable. In some cases (<?,£-., trinitraniline) the diazotisation is 
effected by nitrite in the presence of cold concentrated sulphuric acid, while the 
i : 2- and 2 : i-aminonaphthols are diazotised in the presence of salts of copper, 
zinc, etc. 

Besides nitrite, various other diazotising agents are occasionally employed, for 
instance, nitrosyl chloride, and nitrosulphonic acid. 

It is unnecessary here to consider further the nature of the diazo compounds, 
or the various formulae which have been proposed for them. A full discussion of 
these will be found in Cain’s “ Chemistry of the Diazo Compounds ” (Arnold, 1908). 
Kekul6’s formula, R.N=N.X, expresses the facts sufficiently for our present purpose. 

In connection with the operation of coupling the diazo compounds with the second component, 
the following points should be noted : phenols are coupled in an alkaline solution (sodium carbonate), 
while if the second component is an amine it is coupled in a neutral or acid (usually hydrochloric or 
acetic) solution. 

The azo group generally enters the molecule of the second component in the para-position to 
the amino or hydroxyl group of this body, or, if this combination be impossible, in the ortho-position. 
Thus aniline, phenol, a-naphthol, a-naphthylamine couple in the para-position, /-toluidine and 
/>-cresol in the ortho-position, while 0-naphthol couples in the a-ortho-position. In the case of 
the naphthylamine or naphthol sulphonic acids, the positions of the sulphonic groups often determine 
the position taken up by the azo group. In the case of some of the heteronuclear aminonaphthol 
sulphonic acids, e.g.> the 2 : 8 :6, 2 :5 :7, 1 : 8 :4, 1:8:5, I : 8 :3 :6 acids, different products are 
obtained according as the combination is effected in alkaline or in acid solution—in alkaline solution 
the azo group enters in ortho-position to the hydroxyl group, while in hydrochloric acid solution it 
enters in ortho-position to the amino group. 

An important variation in the process of preparing azo dyes is the production of 
thesa dyes “on the fibre.” A typical instance is Paranitraniline red ; to produce 
this dye, the material to be dyed is impregnated with ^-naphthol by passage 
through an alkaline bath of this compound, and is then passed into a second bath 
containing diazotised /-nitraniline, the dye thus being produced on the material. 
For use in this process the diazotised /-nitraniline is sometimes converted by the 
action of caustic alkali into a stable isomeric form, the so-called nitrosamine, which 
may be formulated N 0 2 .C 6 H 4 .NNa.N 0 , and is sold as such; when required for use, 
the nitrosamine is reconverted into the active diazo compound by treatment with 
acid (see pp. 45 °, 47 ^, 545 > 558;. 


Monoazo Dyes, R.N=N.R l 

The monoazo dyes are prepared according to the methods described above; 
their number is very great, and only a few typical ones are described here. Their 
dyeing properties vary according to their constitution; a large number dye wool 
in acid baths; an important and growing group of these consists of the so-called 
ortho-oxyazo dyes, obtained from diazotised 0-aminophenolic compounds—these 
dye wool with chrome mordants; a large number of monoazo dyes are used as 
parent materials for the manufacture of pigments or lakes. Some typical monoazo 
dyes are tabulated below 

Acid Wool Dyes 


Acid yellow 
Azococcine 2R - 
Crystal Ponceau 1 
„ scarlet 6R J 
Fast red A 

tt »t ® 

Lanacyl blue B8 
Metanil yellow - 
Orange II 
Palatine red 
Ponceau 2G 
,, 2R 

tt 4 * 

„ 6R - 
Tropacoline O - 


- Aminoazobenzene disulphonic acid. 

. Xylidine +1:4-naphthol sulphonic acid. 

• a-Naphthylamine + 2:6:8-naphthol disulphonic acid. 

• Naphthionic acid+/8-naphthol. 

• a-Naphthylamine + 2:3:6-naphthol disulphonic acid. 

• 1:8:3:6-aminonaphthol disulphonic acid + x : 5-axnraonaphtAut 

- Metanilic acid + diphenylamine. 

- Sulphanilic acid + / 3 -naphthol. 

- o-Naphthylamine +1:3:6-naphthol disulphonic acid. 

• Aniline + 2:3:6-naphthol disulphonic acid. 

- w-Xylidine+2:3: 6-naphthol disulphonic acid. 

• ^-Cumidine + 2:3:6-naphthol disulphonic acnt 
■ Naphthionic acid + /8-naphthol trisulphonic acid* 

Sulphanilic acid + resorcin. 
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Dyes for Chrome-Mordanted Wool 

(«) From Diazotised <?-Aminophenols. —Most of these dyes are of recent 
introduction, so it is difficult to ascertain the trade name of a dye of a particular 
constitution. Typical combinations are:— 

4-acetylamino-2-ammophenol-5-sulphonic acid + ^-naphthol, etc. (Casseiia, English Patent, 
3,182, 1903). 

I-amino-2-naphthol sulphonic acids + naphthols, naphthol sulphonic acids, aminoimphthols, 
aminonaphthol sulphonic acids, dioxynaphthalenes, dioxynaphthalene sulphonic acids, 
resorcin, m-aminopnenol, w-diamines, etc. (Geigy, English Patent, 15,025, 1904). 

0-aminophenol and its methyl, chlor, nitro, etc., derivatives + chromotropic acid (M.L.B., 
English Patent, 26,383, 1905). 

Nitro or chlor derivatives of o-aminophenol + 2-arylamino-5*naphthol-7-sulphonic acids (Bayer, 
English Patent, 14,921, 1906). 

Nitro or chlor derivatives of 0-aminophenol + alkyl or aryl derivatives of m-aminophenol 
(Bayer, English Patent, 25,177, 1908). 


(b) Other Dyes for Chrome-Mordanted Wool.— 


Alizarine yellow GG 
Azochromine - 
Azofuchsine B - 
Chromotrope 2B 
Diamond yellow R 
Milling yellow 


ftf-Nitraniline+salicylic acid. 
p- Aminophenol + pyrogallol. 

Toluidine + i:8 :4-dioxynaphthalene sulphonic acid. 
/>-Nitraniline +1:8:3s 6-dioxynaphthalene disulphonic acid. 
Anthranilic acid + salicylic acid. 

2-Naphthylamine sulphonic acid + salicylic acid. 


Dyes used in the Manufacture of Lakes 

Many of these dyes also are of recent introduction, so the trade names are 
difficult to obtain. 

One of the best known is Lithol red (2-naphthykmine-i-sulphonic acid + 
0 -naphthol) (B.A.S.F., English Patent, 25,511, 1899). 

Other typical combinations are :— 


o-Nitraniline-/-sulphonic acid or /-nitraniline-a-sulphonic acid + / 9 -naphthol (M.L.B., English 
Patent, 16,409, 1901). 

Aniline, etc. + 2:3-oxynaphthoic acid (Akt. Ges. fUr Anilin Fabrikation, English Patent, 
1,235, 1903 ). 

a-Naphthylamine disulphonic acids + naphthol sulphonic acids (Bayer, English Patent, 12,512, 
1904). 

Nitrochloranilines+/ 9 -naphthol (B.A.S.F., English Patents, 6,227, 1907, and 6,228, 1907). 


Direct Cotton Dyes 

The combination of diazotised dehydrothiotoluidine sulphonic acid or primuline 
(see p. 478) with various components give cotton dyes, — 

Oriol yellow—primuline + salicylic acid. 

Rosophenine 10B—dehydrothiotoluidine sulphonic acid + 1-naphthol *4- 
sulphonic acid. 

Various derivatives of 2:5: 7-aminonaphthol sulphonic acid when combined 
with diazo compounds (aniline, toluidine, xylidine, naphthylamines, etc.) give cotton 
dyes, e&— 

2-acetylamino-5-naphthol-7*sulphonic acid, 2-benzoylamino-5-naphthol-7-sul- 
phonic acid, aminobenzoyl-2-amino-5-naphthol-7-sulphonic acids, amino- 
phenyl-i : 2-naphthothiazole-5-oxy-7*sulphonic acids, aminophenyFi>2« 
naphthiminazole-j-oxy-7-sulphonic acids, etc. 

Disazo Dyes, R.N-=N.R.N=N.R /r 

There are three main types of disazo dyes: (a) primary, (b) secondary, (r) disazo 
dyes from tetrazotised diamines. 
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(a) Primary Disazo Dyes. —Certain azo dye components can be coupled 
with two diazo groups; such components are phenol, resorcin, a-naphthol, m - 
phenylenediamine, ///-toluylendiamine, w-aminophenol, the aminonaphthol sulphonic 
acids referred to above, which can be coupled in acid or alkaline solution yielding 
different products, and the j : 8-dioxynaphthalene-4-sulphonic acid or -3:6- 
disulphomc acid. To prepare the primary disazo dyes, two molecular proportions 
of an amine, or one molecular proportion of each of two different amines, are 
diazotised and coupled with one molecular proportion of the second component. 
Thus Resorcin Brown is obtained by coupling ///-xylidine (1 molecule) and 
sulphanilic acid (1 molecule) with resorcin (i molecule). 


QH^CIIs)* N==N 


OH 


on 


or, 


N-=N.C 6 II 4 .S 0 3 Na 


w*Xylidinev 

\ Resorcin. 
Sulphanilic acid' 


Naphthol Blue-Black is obtained by coupling 1:8-aminonaphthol 3:6- 
disulphonic acid (H acid) first with /*-nitraniline in acid solution, and then with 
aniline in alkaline solution. 


on nii 2 

C,H 6 .N=N“j ~ 
Na 0 3 S-' 



N—N.C fl H 4 N 0 2 /-Nitranilincv 

or, \H-acid. 

> 3 Na Aniline' 


It d>es wool in an alkaline bath. 

Other primary disazo dyes are— 

Terracotta F (dyes cotton).—Sodium salt of— 

# PrimuIine^ 

phenylenediamine. 

Naphthionic acid' 

Cotton Orange R (dyes cotton)— 

Primulinev 

\w-phenylenediaminedisulphonic acid. 
Metanilic acid' 


Fast Brown (acid wool dye)— 


Naphthionic acidv 

. \resorcin. 

Naphthionic acid' 


(b) Secondary Disazo Dyes are obtained by coupling diazotised aminoazo 
compounds with amines, phenols, etc. In order, therefore, to prepare bodies of this 
type it is necessary to diazotise twice —first an amine is diazotised, then the diazo 
salt thus produced is coupled directly to another amine—the “ middle ” component 
—and the amino group in the aminoazo body thus produced is then diazotised, and 
finally the product thus obtained is coupled with an amine, phenol, etc. 

The amines employed as " middle components ” must be of such a nature that 
when combined with the first component they can be rediazotised to yield a diazo 
salt Thus the amines generally employed are those which, on coupling with the 
first component, give either para-aminoazo compounds, or aminoazo compounds 
containing the amino and azo groups in different nuclei; examples of the first type 
are aniline, 0 - and w-toluidine, ^-xylidine, <?-anisidine, cresidine, a-naphthylamine 
and its 6 - and 7-sulphonic acids (Clive’s acids) ; examples of the second type are 
2:5:7- and 2:8:6-aminonaphthol sulphonic acids, combined in alkaline solution, 
and the recently discovered derivatives of aminonaphthol sulphonic acids containing 
a heteronuclear amino group, such as the aminophenyl-i: 2-naphthiminazoleoxy- 
sulphonic adds, and the aminobenzoylaminonaphthol sulphonic adds. 


* See p. 478. 
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An example of such dyes is Fast Violet R, produced by (i) diazotising 
sulphanilic acid; (2) coupling the diazo compound with a-naphthylamine, giving 
/N=N-C 10 H 6 .NH„ 

C 6 H 4 <T * ; (3) diazotising once again; and (4) coupling with 

n S 0 8 H 

/?-naphthol sulphonic acid S, thus obtaining the dye— 


N~N—C,.I Ig—N—N. 


Fast Violet R. 


/S0 3 Na 

^C 10 H S < 

xm 


Biebrich Scarlet is prepared by coupling aminoazobenzene disulphonic acid 
with jS-naphthol, and has, therefore, the constitution— 

yS 0 3 li ^N=N—C 10 H 6 OH 

C 6 II 4 —N=N—C 8 l 1 3 -S 0 3 H 

Other secondary disazo dyes are— 

Brilliant Croceine M (acid wool dye).— Aminoazobenzene 4-2 :6 : 8-naphtholdisulphonic acid. 

Cloth Scarlet G (acid wool dye).—Aminoazobenzenesulphonic acid 4/3 naphthol. 

Croceine Scarlet 7B\ (acid wool dye).—Aminoazotoluene sulphonic acid+ 2 : 8-naphtholsulphonic 
„ „ 8B/ acid. 

Dkuninogen (dyes unmordanted cotton blue).—Acetyl- 1 : 4-naphthy!enediamine-6- and -7-sulphonic 
acid 4*a-naphthylamine + 2 : 6-naphthol sulphonic acid (product saponified). 

Janus Red (dyes cotton and wool).—w-Aminophenyltrimethylammonium chloride 4-w-toluidine 4- 
/ 9 - naphthol. 

Naphthylamine Black D (acid wool dye).—Naphthylamine disulphonic acid 4 a-naphthylamine+ 
a-naphthylamine. 

Ponceau 4RB \(dyes wool and cotton).—Aminoazobenzene sulphonic acid 4 2 : 8-naphthol 
Croceine Scarlet 3B J sulphonic acid. 


sulphonic acid. 


Recently a number of secondary disazo dyes have been prepared having 2:5: 7-aminonaphthol 
sulphonic acid and its alkyl, aryl, acid^l, etc., derivatives as end components. These dye cotton 
blue to violet shades. (See English Patents, Nos. 14,248, 1907; 4,767, 1909; 4,768, 1909; 

11,364, 1909) 


(c) Disazo Dyes from Tetrazotised Diamines.— This type of disazo dyes 
is prepared by tetrazotising, /.<?., diazotising both the amino groups of a primary 
diamine and combining the tetrazo compound so obtained either with two molecular 
proportions of one dye component or with one molecular proportion of one com¬ 
ponent and one molecular proportion of another component; in the first case the 
dyes are referred to as “symmetrical” and in the second case as “mixed” disazo 
dyes. 

The most important diamines in this connection are the so-called para-diamines, 

of which benzidine, H 2 N-<^ ^ )>-NH 2 , is typical; other well-known 

diamines of the benzidine type are <?-tolidine, dianisidine, diethoxybenzidine, 
benzidine-0-disulphonic acid, benzidine sulphone. Similar diamines containing two 
benzene nuclei connected by another group and containing in each nucleus an 
amino group, usually in the para-position to the connecting group, are diaminostil- 
bene disulphonic acid, /-diaminodiphenylurea, azoxyaniline, etc. The dyes derived 
from these diamines possess in general the highly important property of dyeing 
cotton directly (/>., without mordants), and hence are known as direct or sub¬ 
stantive cotton dyes. 

It should be noted, however, that the dyes derived from w-toluline, w-dichlorbenzidine and 
benxidiue-M-disulphonic acid do not dye cotton, but are acid wool dyes. It should be noted further 
that all diamines cannot l>e tetrazotised—thus ortho- and peri-diamines do not yield tetrazo salts 
but ring compounds, azimides. Some meta-diamines, e.g, w-phenylencdiamine, can be tetrazotised 
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like the paradiamines. The case of /-phenylenediamine requires special mention ; this body cannot 
be readily tetrazotised ; accordingly disazo dyes are prepared from this body by first diazotising 
^-nit rani line or an acidyl- {e.g ., acetyl) -/-phenylenediamine, combining the diazo compound with a 
dye component, reducing die nitro group or saponifying the acidylamino group, of the dye so 
obtained, then diazotising the amino group so produced and combining with a second molecule of a 
dye component A similar process is employed with the sulphonic acids of i: 4-naphthylenediamine. 

The following are typical dyes of this class; except where otherwise stated, they 
dye unmordanted cotton:— 


a. Derived from Benzidine and its Derivatives 


Benzopurpurine B 

y2-naphthylamine-6-sulphonic acid, 

• - Tolidine<^ 

^-naphthylamine-fi-sulphonic acid. 

M 4 B * 

✓naphthionic acid. 

• • Tolidine<^ 

Niaphthionic acid. 

.. 6B • 

vi-naphthylamine-5-sulphonic acid. 

• • Tolidine<^ 

m -naphthyIamine-5-suIphonic acid. 

„ xoB - 

maphthionic acid. 

• Dianisidinc^ 

maphthionic acid. 

Congo Blue 2B - 

yi-naphthol-4-suIphonic acid. 

• • Dianisidine<f 

Ns-naphthol^: 6-disulphonic acid. 

Congo Corinth G 

ynaphthionic acid. 

* * Benzidine^ 

M -napht hoi-4-sulphonic acid. 

„ B 

✓i-naphthol-4-sulphonic acid. 

Tolidine<^ 

'i-naphthol^-sulphonic acid. 

Congo Red - 

✓naphthionic acid. 

• • Benzidine<^ 

Niaphthionic acid. 

„ 4R • 

✓naphthionic acid. 

Tolidine<^ 

Nesorcin. 

Diamine Black BH 

✓2 : 8 : 6-aminonaphthol sul phonic add 
Benzidine<^ (alkalme coupling). 

N : 8 : 3 : 6-aminonaphthol sulphonic acid 
(alkaline coupling). 

Diamine Blue BB 

j 1 : 8 : 3 : 6-aminonaphthol sulphonic acid 
• Benzidine<^ (alkaline coupling). 

N : 8 : 3 : 6-aminonaphtnol sulphonic acid 
(alkaline coupling). 

Diamine Brown B 

✓salicylic add. 

• • Benzidine<y 

^2 ■ phenylamino-8*naphthol-6-sulphonic acid 
(alkaline coupling). 

Diamine Red 3B \ 
Dettapurpurine 7B / 

✓2-naphthylamine-7*sulphonic acid. 

• - Tolidine<^ 

N-naphthylamine-7-sulpbonic add. 

Dianol Brilliant Red \ 
Toluylene Red- - / 

A : 3 : 6-naphthylamine disulphonic acid. 

- Dichlorbenzidine<f 

x 2 : 3 : 6-naphthylamine disulphonic add. 

Oxamine Red 

✓salicylic acid. 

• - Benzidine^ 

'2: S'- 7-aminonaphthol sulphonic add 
(alkaline coupling). 
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b. Derived from Phenylene and Naphthylene Diamines 

Azoalizarine Bordeaux W (dyes wool with chrome mordants)— 

✓Salicylic acid. 

/-phenylenediamine<y 

M-^naphthol sulphonic acid. 

Bismarck Brown, Manchester Brown (dyes wool, leather, and tannin mordanted cotton)— 

/7/z-phenylcnediamine. 


wi-phenylenediamine 




7 /*-phenylenediamine. 

-2:3: 6-naphthol disulphonic acid. 


Coomassie Black B (dyes wool)— 

1:4-diaminonaphthalene-2-sulphonic acid<^ 

^-naphthylamine. 

Naphthylene Red— 

✓naphthionic acid. 
1: 5-diaminonaphthalene<^ 

\iaphthionic acid. 

Toluylene Orange RR— 

< 2-naphthylamine. 
2-naphthylamine. 


c . Derived from other Diamines 

Benato Fast Pink 2BL— 

✓2:8: 6-aminonaphthol sulphonic acid, 
^-diaminodiphenylurca disulphonic acid<^ 

^2:8: 6-aminonaphthol sulphonic acid. 

Brilliant Yellow— 

< phenol, 
phenol. 

Diphenyl Fast Black— 

✓2:8: 6*aminonaphthol sulphonic acid 
0-diaminoditolylamine<^ (alkaline coupling). 

^m -toluylene diamine. 

Hessian Yellow— 

< salicylic acid, 
salicylic acid. 

St Denis Red— 

✓1 : 4-naphthpi sulphonic acid. 
Diaminoazoxytoluenc<^ 

'I: 4-naphthol sulphonic acid. 


Trisazo Dyes, R.N=N.R'.N=N.R".N=N.R'" 

Dyes containing three azo groups can be produced in a variety of ways 

1. From Secondary Disazo Dyes— 

(a) Where the end component of a secondary disazo dye is an amine capable o( 
diazotisation, it may be diazotised and coupled with another component. 


R. N=N. R'.N=N. R'NH*>R. N=N. R'.N==N.R". N=N. O >R. N=N. R'. N=N. R'N=N. R'" 

Example. —Acetyl- 1 :4-naphthylenediamine-7-sulphonic acid—^-Cl&ve’s acid—>-Cleve*s acid 
—>-2 : 5 : 7-aminonaphthol sulphonic acid. (For Cleve’s acids, see p. 444.) 

A similar dye is— 

Clive’s acid—>Oive’s acid—^Clive’s acid—>-2 : 5: 7-aminonaphthol sulphonic acid. 

( 6 ) When the end component of a secondary disazo dye is a component capable 
of combining with two azo groups, it may be combined with a further diazo 
compound. Similar products result on combining such a “double coupling” 
component with one molecular proportion of a diazoazo compound and one 
molecular proportion of a diazo compound. 
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Example. —Chrome Patent Green A— 

/-aminosalicylic acid—>-a-naphthylamine—.*8:4: 6-aminonaphthol sulphonic acid-<—aniline. 


a. From Tetrazotised Diamines— 

(a) By combining a tetrazotised diamine, such as benzidine, etc., with 1 molecule 
of a diazotisable middle component, a-naphthylamine, an intermediate com¬ 
pound is formed, which is then diazotised, thus giving a tetrazo body which is com¬ 
bined with two molecules of a component or one molecule of each of two components. 


Example. —Thus: dianisidine is tetrazotised and combined with 1 molecule of a-naphthyl¬ 
amine, giving the intermediate compound— 

Cl.N=N-<^>-< ^>-N=N-<^ ^>-NH* 

OCH, OCH, / \ 

which is diazotised, and the tetrazo body— 

CI.N=N-<^ ^>-<^ p>-N-=N-<^ \-N=N Cl 

OCH, OCH, 

if combined with 2 molecules of I *naphthol-3 : 8*disulphonic acid to form the trisazo dye— 


Congo Fast Blue B— 



(b) If a tetrazotised diamine is combined with a molecule of a diazotisable 
amine and 1 molecule of another component to form a “ mixed ” disazo dye, the 
amino group of the middle component can then be diazotised and combined with 
an end component. 


Example. —Benzidine is combined with 1 molecule a-naphthylamine and 1 molecule salicylic 
acid, giving— 

HO v 

^>C 8 I I 3 —N=N—C e I 1 4 —C fl H 4 —N=N—C 10 H 6 . N H a 


HOOC^ 


The amino group is then diazotised and the diazo compound coupled with i-naphthol-4-sulphonic 
acid, giving Benzo Grey— 


HCX .OH 

J>C 6 II a . N=N—C 6 H 4 . C 8 H 4 . N=N.C 10 H 8 . N=N—C 10 l J c <^ 


HOOD 


SO a Na 


The following are typical dyes produced by the methods 2 a and 2b (above) 
C Tr .. Dy. 

v * Nmiline—>>2-phenylamino-8-naphthol-6-sulphonic acid. 

< 1:8:3:6-aminonaphtholdisulphonic acid. 

4 -xvlidin 


Diamine Bronze G - 


N /-xylidine—>-i :8:3:6-aminonaphtholdisulphonic acid. 

< salicylic acid. 

1:8:3:6-aminonaphtholsulphonic acid—Hw-phenylenediamine* 


Oxamine Violet RR Benzidim 


idine^ 


i:4-naphthol sulphonic acid. 

v;;-phenylenediamine oxamic acid->i :4-naphthol sulphonic acid. 


In each of the above processes, 2 a and 2 b, when /-phenylenediamine is 
employed, a procedure is adopted similar to that described under disazo dyes, 
/-nitraniline or acidyl-/-phenylenediaminer being the starting point, and the nitro 
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group being reduced, or the acidylamino group saponified at a suitable stage of the 
process. The process is similar in the case of i: 4-naphthylenediamine sulphonic 
acids. 

3. A further method may be illustrated by the dye Diamine Green G; 
^-nitraniline is diazotised and combined in acid solution with 1:8-aminonaphthol- 
3:6-disulphonic acid, giving the monazo dye— 


on nii 2 


Na 0 3 S-' 


-N=N—C ft I l 4 . NO a 
SO s Na 


This is then combined in alkaline solution with the intermediate compound from 
1 molecule of tetrazotised benzidine and 1 molecule of salicylic acid— 

IIOv 

>C 6 H s . N=N. C 6 11 4 . C 6 1 I 4 . N=NC 1 , 
liOOC/ 

giving the trisazo dye— 

OH NH 2 

^c 6 [ Ij. n--n-c 6 i j 4 . c 6 h 4 . n=n-/S- / \-n=n-c,h 4 no 1 

sA/V\co„Nft 


IIOOC/ 


This dyes unmordanted cotton green shades. 

: Co‘ 


NaO a S / 


Other dyes of this type are Columbia Green, Diamine Green B, Diphenyl 
Diamine Black HW, Diamine Black R. All these are direct cotton dyes. 


Green G and 3G, 


A similar method consists in taking a primary disazo dye in which, say, p- 
nitraniline or acet-/-phenylenediamine is one of the diazo components, reducing or 
saponifying, diazotising the free amino group so produced and combining with 
a component. Thus, a 1 : 8-aminonaphthol, -dioxynaphthylene, or -naphthylene- 
dianiine sulphonic acid is combined with 1 molecule diazo compound and 1 
molecule /-nitraniline or acetyl-/~phenylenediamine, the product reduced or saponi¬ 
fied, diazotised, and combined with amines or phenols. 

Another type is afforded by 1:8:4-aminonaphthol sulphonic acid which can 
combine with 3 molecules of a diazo compound. 

Finally, we may note a case in which a triamine is diazotised and combined 
with 3 molecules of a component— 


Alizarine Yellow FS 


•Magenta^ 


/Salicylic acid. 
-Salicylic acid. 
^Salicylic acid. 


Tetrakisazo Dyes, R.N=N.R'.N=N.R".N=-N.R '.N=N.R" 
Here again various methods may be used A few examples are:— 

Benzo Brown G— 

Sulphanilic acid v 

J>///-phenylenediamine. 
w-phenylenediamine^ 

\w-phenylenediamine. 


Mekong Yellow G— 


Sulphanilic acid 


^Salicylic acid. 
Benzidine^ 

< Ns Dioxydiphenylmethane. 
Salicylic acid. 

Cuba Black, Diamond Black— 


Benzidine^ 


,2:8:6*Aminonaphtholsulphonic acid - -/-///-phenylenediamine. 


^2:8:6-aniinonaphtholsulphonic acid—M/-phenylenedianune. 


• See p. 469. 
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Higher polyazo dyes are known, but need not be discussed here, as they are not 
made or used to any great extent. 


Developing Dyes 

Many azo dyes are capable of conversion into azo dyes of a higher order by 
M development” on the fibre; the process is analogous to the production of 
paranitraniline red previously referred to (see pp. 442, 478, 545, 558). 

Two cases arise: (a) when the end component of an azo dye is a diazotisable 
amine, the dye is applied to cotton and is then diazotised in a bath of nitrite and 
acid, and then passed through a bath containing ,#-naphthol or other component; 
(£) when the end component is a compound capable of combining with two azo 
groups, the dyed material is passed through a bath containing a diazo compound, 
e.g.) diazotised /-nitraniline. 


Pyrazolone Dyes 

It will be convenient here to consider a group of dyes the constitution of which 
does not seem to be definitely established ; from their method of preparation they 
may be regarded as containing either azo or hydrazone groups. 

The prototype of these dyes is Tartrazine, a valuable yellow acid wool dye. 
Tartrazine was first prepared by condensing 1 molecule of dioxytartaric acid with 
2 molecules of phenylhydrazine-/-sulphonic acid : thus— 


i<° H 

I N 3 H 

£< OH 
| X)H 
COOH 

*>., the sodium 
pyrazolone. 
Tartrazine is 


COOH H 2 N.HN. C fl H<. SO s Na 


/ 


N v C fl H 4 .S 0 3 Na 


/ 

CO 


N 

I 


COOH 


H 2 N.HN.C 6 H 4 .S 0 3 Na 

Na 0 3 S.C fl H 4 .NH.N^ 
salt of i-/-sulphophenyl-3-carboxy-4-/-sulphophenylhydrazone-5- 


also produced by condensing phenylhydrazine/-sulphonic acid 
(1 molecule) with oxalacetic ester (1 molecule), which yields the ester of i-/-su!pho- 
phenyl-3-carboxy-5-pyrazolone, saponifying this ester, and acting upon it with 
diazotised sulphanilic acid (1 molecule)— 

,N^C fl H 4 SO s Na 
CO N 

H fl C- 


NaO,S.C«H 4 .N = N.C 1 + H a C-C.COOH 


/ N^C 6 H 4 S 0 3 Nt 
CO 


N 

-A 


COOH 


This latter 
compound. 


reaction suggests that 


Na 0 3 S.C 6 H 4 N = N.HC 
tartrazine is an azo, not a hydrazone, 


A large number of similar dyes have been prepared recently by combining various diazo com¬ 
pounds with pyrazolones, such as the i-/-sulphophenyl-3-carboxy*5-pyrazolone formulated above, 
the 1-/-sulphophenyl-3-methyl-5-pyrazolone, and the two corresponding pyrazolones containing no 
sulphonic group. Generally these dyes give bright yellow, orange, or red shades; many are 
suitable for dyeing wool, others serve as the starting point for lakes, while some which contain a 
residue of benzidine, etc., dye unmordanted cotton. 


Stilbene Dyes (see p. 544) 

Dyes containing a stilbene residue and obtained by tetrazotising diaminostilbene 
disulphonic acid and coupling with components, have already been considered. 
There remains a group of dyes also containing the stilbene residue and probably 
containing azo groups, although they are not formed by the reactions of diazotising 
and coupling. On heating /-nitrotoluene sulphonic acid with aqueous caustic 
alkalis a complicated reaction (or series of reactions) occurs, the chief products of 
which are yellow dyes, known as Curcumine S or Sun Yellow, Direct Yellow, 
Mikado Orange, Stilbene Yellow, etc., which dye unmordanted cotton. 
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Curcumine S was formerly considered to be azoxystilbene disulphonic acid, and 
Direct Yellow dinitrosostilbene disulphonic acid, but according to Green and 
Crosland (Journ . Chem . Soc., 89, 1602), these dyes are more complex and contain 
two stilbene groups^Stilbene Yellow 4G and 8G being dinitroazodistilbenedisulphonic 
acid, Direct Yellow being mainly azoazoxydistilbenedisulphonic acid, and Mikado 
Orange chiefly disazodistilbenedisulphonic acid. 

A number of other dyes of this class have been prepared, but little is known of their constitution ; 
Polychromine B and Diphenyl Orange RR are obtained by heating /-nitrotoluene sulphonic add 
and /-phenylenediamine with caustic soda ; Curcuphenine is similarly obtained from /-nitrotoluene 
sulphonic acid and dehydrothiotoluidine sulphonic acid. 

2. DYES DERIVED FROM ANTHRACENE 

Under this heading are grouped a large number of dyes of varied structure and 
properties but possessing the common feature that the starting point in the pre¬ 
paration of each is anthracene, C 14 H 10 , , a residue or residues of this 


body or its oxidation product anthraquinone, C„H, 0 * 


, being always 


present in the molecule of these dyes. 

The first group of these dyes to be considered is the oxyanthraquinones of 
which alizarin is the prototype. 

O X)H 


Alizarin or 1:2-dioxyanthraquinone, 


OH * 

, is one of the oldest 


dyes in use and, after indigo, is perhaps the most important It occurs in nature 
in madder in the form of a glucoside and was first obtained from this source. 
The natural alizarin is now almost entirely superseded by the synthetic product. 
Alizarin was first synthesised in 1868 by Graebe and Liebermann. In 1869 
another and better synthesis was effected by them, and almost simultaneously by 
Perkin. This process consisted in sulphonating anthraquinone to produce the 
O 


/ 3 -sulphonic acid, 


SO*H. By fusing this body with caustic alkali the 


sulphonic group is replaced by a hydroxyl group and at the same time another’ 
hydroxyl group enters in the a-position. This process has since been improved by 
the addition of oxidising agents, such as KC 10 8 , to the alkali, and this is now the 
usual process for preparing this dye. Alizarin is a mordant dye giving different 
shades with various mordants. Its chief application is for dyeing bright 
yellowish red shades on cotton mordanted by Turkey red oil (see p. 43) and 
alumina. 

Closely related to alizarin are two trioxyanthraquinones:— 

Anthrapurpurin, 1:2:7-trioxyanthraquinone, and Flavopurpurin, 1:2: 6- 
trioxyanthraquinone:— 

O 7 OH O JOH 

ho vyVvoh /vV^Y-oh 


Anthrapurpurin. 


Flavopurpurin. 
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These bodies are obtained by fusing with caustic alkalis the disulphonic acids 
which are obtained by sulphonation of anthraquinone. 

Commercial alizarin often contains one or both of these bodies, since the 
anthraquinone sulphonic acid used for the manufacture of alizarin often contains 
a certain amount of the disulphonic acids. Both these trioxyanthraquinones dye 
alumina-mordanted cotton red shades. 

A third trioxyanthraquinone, Purpurin, 1:2:4-trioxyanthraquinone, which 
occurs with alizarin in madder, is obtained by oxidising alizarine by manganese 
dioxide and sulphuric acid, and also dyes red shades with alumina mordants. 

A fourth trioxyanthraquinone, Anthragallol, x : 2 :3-trioxyanthraquinone, is 
obtained by an entirely different process, viz., condensation of gallic acid with 
benzoic or phthalic acid, e.g .:— 



It dyes brown with chrome mordants. 

Alizarin Bordeaux, 1:2:5:8-tetraoxyanthraauinone, is obtained by treating alizarin with 
fuming sulphuric acid, whereby a sulphuric ester of the tetraoxy body is first formed, and is then 
saponified; it dyes wool bordeaux with alumina mordants, and violet-blue with chrome mordants. 

Alizarin Cyanine R, 1 .2:4:5:8-pentaoxyanthraquinone, is formed by oxidising Alizarin 
Bordeaux by various oxidising agents, eg., manganese dioxide in sulphuric acid, arsenic acid, lead 
peroxide, persulphates, nitric acid, or by electrolytic oxidation ; it dyes blue to violet shades with 
mordants. 

Similar oxidation of this pentaoxy body gives a hexaoxyanthraquinone :— 

Anthracene Blue, 1: 2:4: 5 :6 :8-hexaoxyanthraquinone, is obtained by treating with sulphuric 
acid and sulphur sesquioxide, 1:5 or 1:8-dinitroanthraquinone, or the mixture of these two bodies 
formed by nitrating anthraquinone ; apparently the nitro groups aje reduced to amino groups, which 
are then replaced by hydroxyl groups, while the other hydroxyl groups enter the molecule; the 
dyeing properties of this dye are similar to those of Alizarin Cyanine R. 

Rufigallol, 1 :2:3:5 :6:7-hexoxyanlhraquinone, is obtained by condensation of 2 molecules 
of gallic acid {cf. Anthragallol above); it dyes brown with chrome mordants. 

It will be noticed that all the above-described oxyanthraquinones are mordant 
dyes, and all contain at least two hydroxy groups in ortho-position to one another; 
probably the property of forming lakes with mordants is dependent upon this 
structure. The dioxyanthraquinones isomeric with alizarin, e.g., quinizarin (1 14), 
anthrarufine (1 : 5), chrysazine (1:8), anthraflavic acid (2:6), do not possess 
dyeing properties. 

We have now to consider a number of dyes which are derivatives of the 
oxyanthraquinones. 

Alizarin Brown, a-nitroalizarin (OH : OH: N 0 2 = x: 2 :4), is produced by 
nitrating alizarin in fuming sulphuric acid or in sulphuric acid containing arsenic 
acid, or by nitrating mono- or di-benzoylaljzarin in sulphuric acid; nitration of 
alizarin in sulphuric acid containing boric acid gives Alizarin Orange, / 2 -nitro- 
alizarin (OH : OH: N 0 2 =*1:2:3); nitration of flavopurpurin gives Alizarin 
Orange G (OH : OH: OH: N 0 2 « 1:2: 6 : 3). ^ Reduction of a-nitroalizarin gives 
a-aminoalizarin, Alizarin Garnet R ; Alizarin Maroon is a mixture of amino- 
alizarin and aminopurpurins, and is produced by nitrating commercial alizarin and 
then reducing. 

Sulphonation of alizarin gives alizarin monosulphonic acid, Alizarin Red S 
(OH : OH : SO a H **1:2:3)* Sulphonation of flavopurpurin gives Alizarin Red 
3WS (OH : OH: OH: SO s H ** 1: 2 :6:3). 

The above simple nitro-, amino-, and sulphonic derivatives are also mordant dyes. 

The bodies next to be discussed are acid wool dyes dyeing without mordants* 
though some can be subsequently chromed. 



SYNTHETIC DYES 


453 


Alizarin Saphirol B, diaminoanthraiufin disulphonic acid, is produced by 
sulphonating anthrarufin, nitrating, and finally reducing. 

Sulphonation and nitration of anthrachrysone ( 1 : 3 : 5 : 7 -tetraoxyanthraquinone) 
gives dinitroanthrachrysone disulphonic acid dyeing brown shades; reduction 
gives the corresponding diamino bodies which dye violet; boiling the last named 
with alkali gives a hexaoxyanthraquinone disulphonic acid, Acid Alizarin Blue 
BB and GR. 

An important property of the anthraquinone derivatives is the readiness with 
which negative substituents (Br, Cl, N0 2 , OH, S0 8 H) and also amino groups can 
be replaced by substituted amino groups NHR, where R is an alkyl or aryl radical. 
This reaction is applied in the production of a number of wool dyes; for example, 
quinizarin when condensed with aniline, />-toluidine, etc., gives— 


V 011 ° N11R 



Sulphonation of these compounds gives Quinizarin Greens— 

0 NHRSO-Na 


A 


NHRSO.Na 


Oil OIK 


Leuco Quinizarin, 



, gives the same products, the two meso-hydiox) 


OH OIK 

groups Being reoxidised to keto groups. 


Other dyes of this type are— 

Anthraquinone Violet- 



Alizarin Pure Blue- 



Alizarin Cyanine Green— 

O NHCfH e .SO f H 



Alizarin Irisol— 

o OH 



Alizarin Astrol— 

O NHCyHflSOjH 



O NIICH, 
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Another type of anthraquinone derivative is that in which a nitrogen-containing 
ring is added to the anthracene nucleus—the anthraquinolines ; these are 
obtained from nitro- or amino-oxyanthraquinones by Skraup’s quinoline synthesis, 
viz., by treating these bodies with glycerol and sulphuric acid; in this manner 
/ 3 -n itro- or /S-aminoalizarin gives Alizarin Blue, while a-aminoalizarin gives 
Alizarin Green— 



O OH 



Alizarin Green. 


Both these compounds give soluble bisulphite compounds. Alizarin Blue S and 
Alizarin Green S, on treatment with sodium bisulphite, which are used in 
printing with chrome mordants. 

A similar quinoline compound, Alizarin Black P, and its bisulphite combina¬ 
tion, Alizarin Black S, are obtained from / 3 -nitro- or / 3 -amino-flavopurpurin. 

Treatment of Alizarin Green with strong sulphuric acid at high temperatures 
produces a 1:2:5:718-pentaoxyanthraquinoline, Alizarin Indigo Blue, which 
also gives a soluble bisulphite compound, Alizarin Indigo Blue S ; concentrated 
or fuming sulphuric acid with Alizarin Blue gives 1:2:5:8-tetraoxyanthraquinoline, 
Alizarin Green, bisulphite compound Alizarin Green S. 


Recent Developments in Anthracene Dyes—Anthracene Vat Dyes 

In recent years there has been a great development in the anthracene dyes, 
chiefly in the production of the so-called “vat” dyes, />., dyes which, like indigo, 
are insoluble, or practically so, in water, but yield on reduction colourless or slightly 
coloured “leuco” compounds which are soluble in alkali. The fabric to be dyed 
is impregnated with a solution of the leuco compound, and the dye is developed by 
oxidation in air or otherwise. 

Vat Dyes derived from Anthracene.— The oldest anthracene vat dye is 
Indanthrene, Indanthrene Blue R, which is prepared by melting 2,amino- 
anthraquinone with caustic alkali (B.A.S.F., English Patents, 3,239, 1901; 22,762, 
1901). 

Indanthrene is N-dihydro-i: 2 : 1': 2'-anthraquinoneazine— 



and dyes blue shades. 

Indanthrene can also be prepared by condensing i-amino-2-halogenanthraquinone 
(or 2-amino-i-halogenanthraquinone) with itself (F. v. Bayer, English Patent, 
7,692, 1904); by condensing 1: 2-diaminoanthraquinone with 1: 2-anthraquinone 
and oxidising the product (F. v. Bayer, English Patent, 12,756, 1905); by con¬ 
densing 1:2-diaminoanthraquinone with alizarin (F. v. Bayer, English Patent, 
9,102, 1906); and together with Flavanthrene (v. infra) by treating i-aminoanthm- 

? uinone with acid condensing agents (B.A.S.F., English Patent, 19,322, 1906). 
Talogenised indanthrenes (Indanthrene Blue GC, GCD, and CB, etc.) are pre¬ 
pared by chlorinating or brominating indanthrene (B.A.S.F., English Patents, 4,035 
1902; 23,179, 190$; 17,242,1905). Algol Blue K> (N-dimethylindanthrene)ismade 
from i-methylamino-2-bromanthraquinone by the second method mentioned above. 
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Indanthrene disulphonic acid (B.A.S.F., English Patent, 12,185, 1901) and 
monosulphonic acid (B.A.S.F., English Patent, 339, 1909) are also known, as well 
as other derivatives. 

Another azine dye is Flavanthrene (Indanthrene Yellow) prepared by heating 
2-aminoanthraquinone with alkali at a higher temperature than that required for 
Indanthrene; oxidising agents, e.g. f potassium nitrate, may be added to the melt; 
it is also obtained by heating 2-aminoanthraquinone with condensing agents, for 
instance, antimony pentachloride in nitrobenzene, or aluminium chloride alone, or by 
the action of acid oxidising agents, such as bichromate and sulphuric acid, manganese 
dioxide and sulphuric or nitric acid or lead peroxide (B.A.S.F., English Patent, 
2 4>354> 1901). Flavanthrene dyes cotton blue shades which on standing become 
a bright yellow. 

The following synthesis by Scholl (Ber. t 40, p. 1691) shows its constitution:— 



Analogous to Indanthrene and Flavanthrene, but containing methine groups in 
place of nitrogen, are Anthraflavone and Pyranthrone 



4S® 
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AnthraAavone - or the stilbenze derivative C 14 H 7 0 2 .CH = CH. C )4 H 7 O s 
co (Ullmann, Ber., 46, 71a). 


c, CX/“ 


COD 


is prepared by treating 2-methylanthraquinone or its w-halogen derivatives with 
condensing agents (B.A.S.F., English Patent, 10,677, 1905; D.R.P., 199,756); it 
dyes citron-yellow shades. 

Pyranthrone (Indanthrene Gold Orange)— 



is prepared by treating s: 2'-dimethyl-i: I'-dianthraquinonyl with alkali or zinc 
chloride, with or without oxidation (B.A.S.F., English Patent, 14,578, 1905; Scholl, 
Ber.y 43, p. 346); it dyes orange tints. Treatment with halogens (English 
Patents, 10,505, 1906; 12,568, 1909) gives redder dyes. 

The next group of dyes to be considered are the benzanthrone dyes. The 
benzanthrones are compounds containing the group— 



'CO 7 


and are prepared by heating anthraquinone or its reduction products (anthranol, 
oxanthranol, or anthracene) or its amino, sulphonic, etc., derivatives with glycerin, 
preferably in presence of condensing agents, such as sulphuric acid. The benzan¬ 
thrones undergo farther condensation on being melted with alkalis, and yield blue 
to violet dyes (B.A.S.F., English Patent, 16,538, 1904; D.R.P., 176,018; Bally, 
Ber. 9 38, p. 194). 

The dye prepared from anthranol is known as Violanthrene, and that obtained 
from 2-aminoanthraquinone as Cyananthrene. Violanthrene has the formula of 
a dibenzanthrone (see English Patent, 16,271, 1910)— 
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Among the derivatives of benzanthrone we may note: benznaphthanthronefrom 
naphthanthraquinone (English Patent, 853, 1905) gives a reddish blue dye; benzan- 
thronequinolines from a-aminoanthraquinones (English Patent, 3,819, 1905) give 
violet-blue dyes; green dyes (Indanthrene Green, etc.) by nitrating benzanthrone 
dyes, with or without subsequent reduction (English Patent, 1,818, 1905); halogen 
derivatives from haiogenanthmquinones (English Patent, 7,022, 1905), or by 
halogenising the dyes (English Patent, 22,519, 1905); the latter dye violet-blue to 
red-violet shades. Halogenised ben/anthiones, on treatment with alkali, give dyes 
which usually contain no halogen, and are known as isoviolanthrenes (English 
Patent, 20,837, 1905). Other derivatives are obtained by heating aminobenzan- 
thrones with metallic salts or oxides (English Patents, 10,770, 1907; 3,156, 1908). 
Brombcnzanthrone condensed with i-aminoanthraquinone gives benzanthronyl-i- 
aminoanthraquinone, which, by treatment with condensing agents, gives a green 
dye (English Patent, 24,604, 190S ; D.R.P., 212,471). 



Another group of dyes is that containing two or three anthraquinone nuclei united 
by NH groups, the dianthraquinonylamines and trianthraquinonylamines, 
a-/8-Dianthraquinonylamine (Algol Orange R)— 



is prepared by condensing 2-aminoanthraquinone with i-chloranthraquinone, or 
i-aminoanthraquinone with 2-chloranthraquinone (D.R.P., 162,824; B.A.S.F., 
English Patent, 19,199, 1905); it dyes orange shades (F. v. Bayer, English Patent, 
24,810, 1908). 

Trianthraquinonylamines, dyeing red shades, are produced by condensing 
two molecular proportions of 2-chloranthraquinone with 1:5-diaminoanthraquinone 
(Indanthrene Bordeaux B, B.A.S.F., English Patent, 10,324, 1906), or by 
condensing two molecular proportions of i-aminoanthraquinone with /?-/J-dihalogen- 
anthraquinones (Indanthrene Red G, B.A.S.F., English Patent, 4,235, 1907). 
A number of derivatives of di- and tri anthraquinonylamines giving a variety of shades 
are known (English Patents, 10,860* 1906; 13,057, 1906; 7,418, 1908; 12,167, 

5*382, 1909; 9,219, *909)- 

S 3 
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A further group of dyes is the acidylaminoanthraquinones, obtained by 
introducing the formyl, acetyl, benzoyl, succinyl, salicylyl, thiosalicylyl, anlsyl, cinn- 
amyl, etc., radicals into the amino groups of aminoanthraquinones (F. v. Bayer, English 
Patents, 2,709, 1909; 3,055, 1909); these dye yellow, red, orange, blue, violet, etc., 
shades (Algol Yellows, Algol Reds, etc.). Helindon Yellow 3GN (English 
Patent, 24,920, 1909), is a symmetrical urea derived from 2-aminoanthraquinone. 

A number of anthracene vat dyes containing sulphur are also known, 
mercaptans (English Patent, 10,387, 1908), thiazoles (English Patent, 12,828, 
1911), thiazines (English Patents, 18,240, 1911; 28,479, thioureas 

(English Patent, 11,473, 1910). 

Two groups of dyes which are at present attracting attention are the anthra- 
quinone acridones and thioxanthones. 

Anthraquinone 1:2-acridone, 



is prepared by condensing anthranilic acid with a-chlor- or a-nitro-anthraquinonc 
and heating the resulting carboxyanilido-anthraquinone, 



with condensing agents (Ullmann, English Patent, 12,653, 1909). 

Anthraquinone- 1 : 2-thioxanthrone, 

is similarly prepared from thiosalicylic acid (Ullmann, English Patent, 30,480, 
1909). 

A number of derivatives of these dyes have been prepared (B.A.S.F., English 
Patent, 13,907, 1909, etc.). 



3. DYES OF THE INDIGO, THIOINDIGO, AND INDIGOID 

SERIES 


Indigo (Indigo Blue, Indigotin) 


Is the most important dye of commerce. It was originally obtained from natural 
sources, but the natural indigo has been very largely replaced by synthetic indigo, 
manufacture of which is perhaps the greatest triumph of dyestuff chemistry. 

w( Xo)'O0 1 ' 


the 


Indigo has the formula, C w H 10 N 3 O2, 


nature as a glucoside, indican, in various plants-—Indigo/era tinctoria. Indigo ani/ f 
Polygontum tinctorium^Isaiis tinctoria. Hydrolysis of the indican gives indigo and 
a sugar, indigludn; this* hydrolysis is effected in practice by fermenting the leaves 
and stems of the indigo-bearing plants. 
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Indigo has been synthesised by a number of processes, only the more importani 
of which can be dealt with here. 

yC Hs=CH. COOH 

Baeyer in 1880 synthesised it from 0 nitrocinnamic acid, C*jH 4 <f . Treatment 

x no 2 

yCHBr—CHBr.COOH * 

of this compound with bromine gives 0-nitrodibromhydrocinnamic acid, C 8 II 4 ^ , 

x no 2 

yC^C coon 

from which alkalis remove hydrobromic acid, giving o-nitrophenylpropiolic acid,C®H 4 ^ ; 

x NO a 

this compound, on treatment with alkaline reducing agents, splits off carbon dioxide and condenses 
to indigo. An alternative method consists in treating ^-nitrocinnamic acid with chlorine, which 

>CHOH—C 1 ICI.COOH 

gives phenylchlorlgctic acid, C a H 4 <^ ; alkalis convert this compound into 

X NO,, 

/°\ 

o-nitrophenyloxyacrylic acid, CgII 4 —CH—CII.COOH, which condenses on heating in solution 

^—no 2 

into indigo. 

In 1882 Baeyer synthesised indigo from o-nitrobenzaldehyde; treatment of this body with 

yCHOIT.CII 2 COCH 3 

acetone gives 0-nitrophenyllactomethy]ketone, CglJ.,^ , which is converted into 

N 0 2 

indigo by treatment with alkalis. These syntheses of Baeyer’s were not, however, a commercial 
success, although 0-nitrophenyllactomethylketone has been employed under the name of Indigo salt 
for producing indigo on the fibre (the bisulphite compound of the ketone being printed on the 
fibre which is then passed through an alkaline bath). 

Heumann’s synthesis of indigo in 1890 from phenylglycine, and soon afterwards 
from phenylglycine-^-carboxylic acid, led to the commercially successful placing of 
synthetic indigo upon the world's markets. 

Two main processes are now worked on a very large scale: — 

1. The Phenylglycine Process, worked by the Hochst Farbwerke, consists 
in heating aniline with chloracetic acid, when phenylglycine is formed, thus:— 
C e H p .NH a + Cl.ClIfrCOOII = CgH5.NH.CHp. COOH + I 1 C 1 . * 

Aniline. Chloracetic acid. Phenylgl>cine. 

(Phenylglycine has also been made by heating aniline with HCN and formalde¬ 
hyde.) The phenylglycine is next melted with caustic soda to form indoxyl, 
,NH V /NH. 

CeU5<Q,Q/CH 2 or C a H 5 <^_, ^.CH, thus: 

/ NH \ 

C,H ll .NH.CH ! .COONa + NaOH = C S H 4 <T ^>CII e + aNaOH. 

Sodium salt of phenylglycine. Indoxyl. 

But since at the high temperature necessary for proper fusion a large portion of 
the parent materials are destroyed by the alkali, with a resulting poor yield of indoxyl, 
it is preferable to add materials to the caustic soda to lower the temperature of 
melting. A great improvement was effected by the Frankfurter Scheideanstalt by 
adding sodamide, NaNH 2 (M.P. 120° C.; prepared by heating metallic sodium 
in a stream of dry NH 8 , see p. 638), when the following change takes place:— 

✓NHv 

CgHfNH.CHjj.COOH + Na.NH a = C 8 H 4 <T ^CHj, + NaOH + NHg. 
Phenylglycine. Sodamide. Indoxyl. 

The escaping ammonia is collected and used again. Carbides and nitrides have 
also been used instead of sodamide. To obtain indigo the melt is dissolved in 
water, and air blown through to oxidise and condense the tndoxyl (probably 

NHv \ 

present in the alkaline solution as the sodium salt, QH 4< / x,CH| to indigo; 

x C(ONa) / 
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or the solution is acidified so as to give free indoxyl, which is then oxidised and 
condensed to indigo:— 

-NIK /NIK -NIK 

2C,n 4 < >CFI, + 20 = C 6 H 4 < >C = C< >C 8 II 4 + 2H a O 
XX)' XX)' xxk 

Indoxyl. Indigo blue. 

In this process the starting point is benzene (from which aniline is obtained by nitrating and 
reducing as described v>n p. 424), while intermediately chloracetic acid, caustic soda, and sodamide 
are used. The success of the synthesis depends entirely upon the price at which these materials are 
obtainable. 


2. The Phenylglycine-^-Carboxylic Acid Process, worked by the 
Badische Anilin- und Soda-Fabrik, depends upon the fact that when phenylglycine- 
^-carboxylic acid is melted with caustic alkalies, it condenses, thus:— 


yCOOU 

c«h 4 < 

x NH.CH 8 .COOH 

Phenylglycine-o-carboxyhc 

acid. 


/C°\ /CCK 

* c 6 h 4 < >ch.cooh-^ C 6 U 4 < >ch 2 + C 0 2 + 11 , 0 . 


'NH' 

Indoxylic acid. 


S NH / 

Indoxyl. 


/NH 2 (l) 

The starting point in this process is Anthranilic Acid, C 8 H 4 <f , which the B.A.S.F. 

X COOII (2) 

obtain from the cheap and abundant naphthalene by the following series of operations: (i) The 
naphthalene is oxidised to phthalic acid, C 6 H 4 (COOH) 2 , by heating with concentrated sulphuric 
acid and mercury (see Phthalic Acid, p. 430), when the anhydride of the acid distils over; 

(2) the phthalic anhydride, C 6 H 4 <^ No, thus obtained is converted into phthalimide, 

< CO v 

yNIl, by heating with ammonia; which (3) on treating with bleaching powder or 

NaOCi gives anthranilic acid, C 6 II 4 (COOII).(NH 2 ) (see p. 430); (the anthranilic acid may also be 
obtained by heating o-chlorbenzoic acid, C ? Il 4 .Cl.COOII (1 :2) with NH 3 in the presence of Cu); 
(4) next, the anthranilic acid is treated with chloracetic acid to obtain phenylglycine-0-carboxylic 
acid— 

yCOOII XOOH 


«h/ 


^nh 2 

Anthranilic acid. 


+ Cl.CII 2 .COOH = C 6 H 4 / + HC 1 ; 

x NH.CH 2 .COOU 

Chloracetic acid. Phtrnjlglycine-0-carboxylic acid. 


and (5) the phenylglycinc-o-carboxylic acid is finally converted into indoxyl and then into indigo as 
above described. 

It has also been shown that for phenylglycine-o-carboxylic acid one may substitute methyl- 
XJOOH 

anthranilic acid, C 6 II 4 ^ , when melting with sodamide for indoxyl. According to this 

X NI!.C II, 

latter process the use of chloracetic acid is abolished, since methylanthranilic acid may be produced 
directly from anthranilic acid by treating with methyl chloride, or from phthalic anhydride by 
treating with methylamine. 


On comparing the two main processes for manufacturing synthetic indigo, it will 
be seen that the one starts from benzene, and the other from naphthalene. Both 
processes at present work with monochloracetic acid, thereby creating a huge 
demand for glacial acetic acid (about 3,000 tons are used annually, being obtained 
from the distillation of about 150,000 cub. yds. of wood). The chlorine for 
chlorinating the acetic acid is obtained by electrolysing alkali chlorides, which also 
produces caustic alkali. Finally the demand for a concentrated sulphuric acid 
for oxidising naphthalene to phthalic acid, coupled with the escape of large 
amounts of S 0 2 and SO s during the heating process, contributed very essentially to 
the industrial development of the contact process for the manufacture of sulphuric 
acid. The manufacture of synthetic indigo thus furnishes a very interesting series 
of examples of the interaction of one branch of chemical industry on others. 

The following statistics show that although synthetic indigo has largely diminished the 
culture of natural indigo in India and other tropical countries, yet the demand for indigo is also 
not increasing, probably owing to the competitive action of several very fast blue dyes, derived 
from anthracene* which are now on the market. 
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Imported into Great Britain :— 



1S96. 

1906. 

1907. 

1908. 

1909. 

19*3- 

Value. 

(1913)- 

Synthetic indigo * 
Natural indigo 

0 

Cwt. 

39,042 

7.641 

Cwt. 

41,379 

11,116 

Cwt. 

37.761 

8,644 

Cwt. 

33,494 

10,051 

Cwt.. 
23,889 
4,174 

£76,695 

54,739 


Practically all the synthetic indigo imported into Great Britain comes from Germany: (19x0) 
Germany, 28,182 cwt. (value, ^101,183); Netherlands, 4cwt. (value, £16); Belgium, 10 cwt. 
(value, £50 ); other countries, nil. The total amount of synthetic indigo exported from Germany 
in 1909 amounted to 161,100 dz. = 16,110 metric tons, or roughly, 320,000 cwt. representing a value 
of 40.3 million marks (say ^2,000,000). 

The United States imported of Indigo: 1906, 7*393*ooo lbs. ; 1910, 7 > 539 »ooo H*. ; value in 
1910, $1,196,000. Of this quantity Germany imports 7,000,000 lbs., value $1,000,000. 

Indigo is a typical vat dye, i.e. y before dyeing it is reduced to its leuco compound, 
indigo white, Q H 4<^ ( 0 H ^ C — C <^. ( 0 H P> C 6 H 4> which is s0,uble in alkalies; 

the fibre (cotton, wool, or silk) is immersed in an alkaline solution of this body, and 
is then withdrawn and oxidised to indigo by exposure to air. The old method of 
obtaining the vat was by fermentation by means of dung ; other methods consisted 
in the use of glucose and alkali, lime and ferrous sulphate, or zinc and alkali; the 
vat is now usually prepared by means of sodium hydrosulphite and alkali. 


(V>> 

V\ co / 


Indirubin or Indigo Red is an isomer of indigo and has the constitution 
/N1I V / co \ It: occurs as an impurity in natural indigo, and may be 
--C NH. prepared by the condensation of indoxyl with isatin, 
/NH n 

Sulphonation of indigo yields a disulphonic acid, Indigo Carmine, which is 
an acid wool dye. 


C c H 4 <^^^>CO ; it is of no value as a dye. 


Halogenised Indigo Dyes 

Halogenised indigo dyes, />., indigo derivatives in which one or more of the 
hydrogen atoms of the benzene nuclei has or have been replaced by bromine or 
chlorine, may be prepared by two general methods :— 

1. Treatment of indigo or a derivative thereof, either alone or suspended or 
dissolved in various media, with halogen or with halogenising agents. 

2. Obtaining a halogenised parent material, e.g., brom- or chlor-phenylglycine- 
<?-carboxylic acid, which is then subjected to suitable treatment, say condensation 
and oxidation, to yield a halogenised dye. 

These two methods have been known for some years, but until 1907 had only 
been applied to the production of mono- and di-halogen derivatives, except as 
regards a tetrachlorindigo prepared in 1901 from dichlorinated phenylglycine-t?- 
carboxylic acid (B.A.S.F., English Patent, 20,552, 1901). 

From 1907 onwards both methods have been largely extended, and halogen- 
indigos containing from 3 to 6 atoms of halogen in the molecule are now known. • 

By treating indigo, suspended in an inert medium such as nitrobenzene, with 
the theoretical amount of bromine (two atomic proportions of bromine for each 
bromine atom to be introduced into the indigo molecule), at a raised temperature, 
tri- and tetra-bromindigos are obtained (S.C.I.B., English Patent, 5,122, 1907 ; 
D.R.P., 193,438). By applying this method to mono- and di-chlorindigos, mixed 
tri- and tetra-halogenindigos are produced, and from the para-dihalogenindigos 
(/>., containing halogen in para position to the carbonyl group) penta- and hexa- 
halogenindigos result (S.C.I.B., English Patent, 10,326, 1907). 
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Chlorination of indigo in similar media in presence of chlorine carriers yields 
tri- and tetrachlorindigos (S.C.I.B., English Patent, 19,793, i 9 ° 8 )* 

The above-described products dye reddish-blue shades. 

The constitution of these bodies has been established by Grandmougin (. Ber ., 
42, p. 4408) in the following way:— 

Tetrabromindigo obtained by bromination in nitrobenzene is oxidised by means 
of nitric acid to a dibromisatin of M.P. 249°-25o° C., which is identical with 
the known 5 : 7-dibromisatin, 



Distillation of the dibromisatin with potash gives 2 : 4-dibromaniline. The tetra¬ 
bromindigo is, therefore, 5:7:5': 7'-tetrabromindigo, 



The nomenclature here employed is that of Friedliinder ( Ber., 42, p. 765). The 
di- and tri-bromindigos obtained similarly are the 5:5' and 5:7:5' bodies. The 
tetrabromindigo is known in commerce as Ciba Blue.* 

Another method of bromination consists in treating indigo suspended in con¬ 
centrated sulphuric acid with bromine in the cold (F. v. Bayer, English Patent, 
4,423, 1908). In this process the hydrobromic acid formed is partly oxidised by 
the sulphuric acid, so that less than the theoretical amount of bromine can be used; 
for the same reason bromides may be used instead of bromine in this process 
(F. v. Bayer, English Patent, 5,582, 1908). The tri- and tetra-bromindigos so 
obtained dye greenish-blue shades. Grandmougin asserts that they are identical 
with the products obtained by bromination in nitrobenzene (Ber., 43, p. 937). 
A closely allied process is that of Kalle & Co. (English Patent, 15,088, 1909), in 
which chlorsulphonic acid is used as the suspension medium during the bromination. 


Another process (F. v. M.L.B., English Patent, 25,513, 1907) consists in 
treating dihalogenindigos with excess of bromine alone; greenish black products 
are thus obtained which appear to be perbromides of bromindigos; treatment of 
these bodies with sodium bisulphite removes the loosely combined bromine, giving 
the brominated dyes. Similar perbromides are obtained by using excess of bromine 
in presence of concentrated sulphuric acid (English Patent, 25,514, 1907). 

The above-described processes—bromination in sulphuric or chlorsulphonic 
acid, or with bromine alone—can also be applied to produce penta- and hexa- 
bromindigos (English Patents, 13,789, 1908; 2,609, 1909; 3,019, 1909), which 
also dye greenish blue shades. 

According to Grandmougin (Ber., 43, p. 937) the penta- and hexabromindigos 
obtained by bromination in sulphuric acid are the 4:5 : 7 : 5': 7' and 4:5 :7 :4': 5': 7' 
bodies respectively. 

• An interesting process is that of Kalb in which dehydroindigo forms the 
starting point (Ber., 42, p. 3642 et seq., p. 3.653 et seq.; B.A.S.F., English 
Patents, 16,377, 1909; 22,714, 1909). 

Dehydroindigo, O—C^ L is obtained by careful oxidation of 

vNcq/ \co //N v/ \ 


indigo, for instance by means of silver oxide, lead dioxide, manganese dioxide, ox 


The trade names are here given on the authority of Bohn, Ber., 43, p. 987. 
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permanganates, in absence of water, and in presence Jf indifferent diluents, t.g. y 
chloroform, benzene, or nitrobenzene. If anhydrous acids are also present the 
corresponding dehydroindigo salts are formed. Dehydroindigo is also formed by 
treating indigo with halogen or halogenising agents under suitable conditions. 
With sodium sulphite or bisulphite, dehydroindigo forms soluble compounds, 
which can be readily halogenised by treatment with chlorine or bromine, even in 
presence of water; the tetrahalogen bodies thus produced are the 5 : 7 :5': 7' bodies. 
The other salts of dehydroindigo can be halogenised similarly; on reduction they 
yield the halogenindigos. 

The unsymmetrical condensation product from isatin and indoxyl, indirubin, 
has been brominated by various processes; mono- to hexa-brom derivatives, dyeing 
reddish blue shades, have thus been obtained (S.C.I.B., English Patents, 6,106 
1907; 8,53°, 1908; 6,351, 1910). The tetra-bromindirubin is known as Ciba 
Heliotrope. 

Under the second method we may note two processes of the B.A.S.F. 
(English Patents, 6,991, 1909, and 6,992, 1909). According to the first of these 
a halogenised anthranilic acid is treated with formaldehyde, giving a compound of 


( VNH -CH 2 . 

Hal 1 ; this on treatment with a cyanide gives the corre- 

v /-CU—U 


the formula 


sponding w-cyanmethylanthranilic acid, [Hal 


-NHCH 2 CN 

-COOH 


, which is saponified to 


halogenphenylglycine-tf-carboxylic acid, for instance 3 :4-, 4 :5-, and 4 :6-dihalogen- 
phenylglycine-0-carboxylic acid. The 4: 6-dichlorphenylglycine-<? carboxylic acid 
thus prepared is identical with that prepared by chlorinating phenylglycine-0- 
carboxylic acid (English Patent, 20,552, 1901), and the tetrachlorindigo of this 
last-mentioned Patent is, therefore, the 5 : 7 : 5': 7' body. According to the second 
Patent, No. 6,992, 1909, dihalogenphenylglycine-<?-carboxylic esters are used as 
parent materials; by this process the 5 :7 :5': 7'-, 4:5:4': 5'-, 4:4': 6:6'-, and 
5 :5' : 6 :6'-tetrachlorindigos and the 4 :4'-dichlor-5 : s'-dibrom- and 5 : 5'-dichlor- 
7 :7'-dibromindigos have been prepared. 

In connection with the halogenindigos it is noteworthy that the ancient Tyrian 
purple obtained from Murex Brandaris has been shown by Friedlander (Ber. y 
43, p. 765) to consist essentially of 6 : 6'-dibromindigo. 

Thioindigo Dyes 

Thioindigo is an analogue of indigo containing sulphur in place of the NH 
groups— 


co-oo 


It was discovered by Friedlander (Ber., 39, p. 1060) and first put on the market 
as Thioindigo Red B by Kalle & Co. (English Patents, 22,736, 1905; 23,316, 
1905; 14,261, 1906; 16,100, 1906; 16,101, 1906). 

The process for its production is shown by the following scheme:— 

f /VsH /\ r S.CH a COOH 

+ CH*Cl.COOH ->* 

l J-COOH l J-COOH 


Thiophenol*0*car> 
boxylic add. 


Chloracetic acid. 


I-COOH 


Anthranilic add. 


diMOtised + SH.CH a COOH 


Phenylthioglycollic-<?-carboxyl»c 

acid. 


rSCHXOOH 


Thioglycollic acid. 


-COOH 


PhenyUhioglycollic^-carboxyUc 

acid. 



464 


INDUSTRIAL CHEMISTRY 



Condensation and oxidation of this latter body gives thioindigo. 

It will be seen that this process corresponds with the Heumann synthesis of 
indigo from phenylglycine-< 7 -carboxylic acid. 

This synthesis has been followed by the production of a large number of 
derivatives of thioindigo and allied dyes. The following general methods may be 
noted:— 


2. Treatment of arylthioglycollic acids or their salts or esters, RSCHgCOORj, with 
acid condensing agents, such as sulphuric acid, phosphorus pentoxide, acetic 
anhydride, zinc chloride, potassium bisulphate, or oxalic acid, and oxidation of the 
resulting thioindoxyl derivatives (B.A.S.F., English Patent, 28,578, 1906). 

3. Conversion of arylthioglycollic acids into the acid chlorides, RSCH 2 COCl, by 
means of phosphorus tri- or pentachloride or oxychloride; the acid chlorides on 
treatment with aluminium chloride give thioindoxyl derivatives (B.A.S.F., English 
Patent, 14,191, 1906). 


4 - 


>NH, 

J-COOH 

Anthranilic acid. 


-SCHj 

-COOK 

lylthiophenol* 
boxylic acid. 


Meth 

**cari 


Diazotised and treated with Na 2 S. 





condet^C!^ 


Fuming 1 I 2 SQ 4 . 


rr 

l^-COOII 

r l biopbenol* 
^-carboxylic acid. 

Thioindoxyl. 


Thioindigo. 


(F. v. M.L.B., English Patent, 593, 1907.) 


5 - 


^COC 


OOH 


Thiophenol -0-car boxy lie 
acid or derivative*. 


Dibromethylene or dichlorethylene 
-->- 



yS.cn = c n.s v 

u \ v 

x COOH HOOCX 

Acetylene b'fithio'.alieylic acid 
or derivatives. 


Thioindigo or derivatives. 
fB.A.S.F., English Patent, 26,053, 1907.) 
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4 < 5 s 


,SH 

R< 

XX>OII 


* { 


Cl.CII=C.Cla 

or 

Br.CII=C.Br 2 


Tbiophenol-<?-car boxy lie acid, etc. TrLhlor- or tribromcthylene. 



Thioindox>l, etc. 

(B.A.S.F., English Patent, 90, 1908.) 


yS.CH=CCl 8 

fR< 
x:ooii 

or 

/S.CH=C. Br a 
^COOH 

w Dihalogen vinylihiosaltcylic 
acid. 


Q -nii 2 
-COCH, 

O' Aminoacetophenone. 


Diazotised and treated with sulphides 


ysn 


k J-COCff, 

„ ecAutvon- v 

a a \kahn e 5 - -- o-Thioacetophenone. 

Oxidise 


^— 
Thioindigo. 

(F. v. English Patent, 4,541, 1908.) 


Among the derivatives of thioindigo we may note the following: 
Halogen derivatives obtained from halogenised parent materials or by halo- 
genising the dyes, as in the case of indigo (S.C.I.B., English Patent, 6,490, 1907); 
alkyloxy and alkylthio derivatives (F. v. M.L.B, English Patent, 1,472, 1907); 
amino derivatives (F. v. M.L.B., English Patent, 116,584, 1907). The w-amino 


compound 


dyes brown shades, and the 


( h,n-( / Y S \ =< <^ S N^ j -nh 1 \ 

/>-amino compound (- 0 O-CO-.) black shades; their 


halogen derivatives dye orange and black shades respectively. 

Unsymmetrical dyes containing only one thionaphthene residue have also been 
prepared. The condensation of thioindoxyl with isatin gives Thioindigo Scarlet R, 
the analogue of indirubin— 



(Kalle, English Patent, 17,162, 1906.) 

Condensation of thioindoxyl with a-isatinanilide gives Ciba Violet A— 



(S.C.I.B., English Patent, 11,760, 1906.) 

The same product is obtained from a-isatin chloride and thioindoxyl (Kalle, 
English Patent, 11,609, I 9 ° 7 *) 
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Condensation of thioindoxyl with acenaphthenequinone gives Ciba Scarlet G— 



w 66 


(S.C.I.B., English Patent, 344, 1908.) 

Other Indigoid Dyes 

Friedlander 41, p. 772) has described dyes which contain half the Indigo molecule, and 

may be termed indigoid dyes. They are obtained by condensing a-isatin derivatives with phenolic 
compounds such as i-naphthol, i-anthrol, or their derivatives. The reactions between a-isatin 
chloride and i-naphthol may be given thus— 



See also for these dyes, English Patents, 7,819, 1909 (Bayer); 3,206, 1910 (Kalle). 

4. DI- AND TRIARYLMETHANE DYES 

Under this heading are grouped a number of dyes, which may be regarded 
as derivatives of diphenylmethane and triphenylmethane— 

/C.H, 

CH^-C 6 U t 

Diphenylmethane. Triphenylmethane. 

One or more of the phenyl groups may be replaced by naphthyl groups to give, 
diphenylnaphthylmethane dyes. 



(a) Diphenylmethane Dyes 

The only important dyes of this class are the Auramines. 


Auramine is obtained by treating tetramethyldiaminobenzophenone with 
ammonia; the reaction may be expressed :— 

X*H 4 N(C H,)* yC 6 H 4 N(CH 3 ) fl 

CO<^ + NH 3 = HN=C< + H a O. 

N^WCHA XH 4 N(CH,) a 

This represents the dye'base as an imide; the dye is employed in the form of 
its hydrochloride, which may be formulated either as the hydrochloride of the 
imide base, or as— 

/C .H,N(CH^ 


II*N—C 


V,H^=N(CH,), 


Auramine may also be obtained by treating tetramethyldiaminodiphenylmethane, 
C H NfCH ) 

CH 2 <^ 6 4 * *, with sulphuric acid and then with ammonia. 

The parent materials, tetramethyldiaminobenzophenone and tetrametbyldiammo- 
diphenylmethane, are prepared -by the action of phosgene and formaldehyde^ 
respectively, on dimethylaniline (see pp. 434, 467). 
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Auramine dyes wool, silk, or tannin-mordanted cotton bright yellow shades. 
Auramine G is prepared similarly from dimethyldiaminoditolyimethane. 


(b) Triphenylmethane Dyes 

These may be divided broadly into two types: (1) those containing amino groups; 
(2) those containing hydroxy groups, with or without carboxylic groups. The first 
of these, which is the more important, may again be subdivided into dyes containing 
two amino groups (Malachite Green type) and dyes containing three amino groups 
(Rosaniline type). 


Before discussing the individual dyes of these groups, it will be well to consider generally their 
constitution. There are three stages to be considered in the formation of the amino dyes—the leuco 
base, the carbinol base, and the aye itself. The leuco bases are the triphenylmethane derivatives-- 
thus Paraleucaniline, the leuco base cf Pararosaniline, is triaminotriphenylmethane ; oxidation of this 
body gives the carbinol base— 


HC: 


\ 


/C 6 II 4 NlI a 

-C 6 1I 4 NII 3 


C 6 H 4 NH a 


\c 6 II 4 NII 2 

Triaminotriphenylmethane. 


ho.c^— c,H 4 .Nn a 
\c 4 H 4 NH a 

Carbinol base of triaminotriphenylmethane. 


The dye Pararosaniline is the hydrochloride of this body, less the elements of water. Several 
formulae are possible for such a body, and there has been considerable controversy as to the correct 
one. The balance of evidence appears to favour Nietzki’s formula representing this body as 
quinonoid—* 

X,II 4 NH a 

c/Lc^nh, 

^C 6 H 4 ==NH a 

Cl 

It should be noted that both the leuco base and the carbinol base are colourless—it is only when 
the carbinol base is converted into a salt that the dye results. 


General Methods of Production 


Triphenylmethane derivatives may be produced by a variety of processes. In 
each of these some compound must be present which will supply the methane carbon. 
Thus, for instance, benzaldehyde condenses with two molecules of dimethylaniline 
giving tetramethyldiaminodiphenylmethane, the leuco base of Malachite Green— 

C 6 H 6 N(CH 3 ) a X 6 II 4 N(CH 3 ) a 


C 6 H 6 CHO + 

Benzaldehyde. 


C,H S N(CH,) S 

Dimethylaniline. 


< '-6 l 

ci 


:,H 4 N(CH,) a 
Leuco base of Malachite Green. 


Or a methyl group attached to an aromatic nucleus may supply the methane carbon 
as in the production of Paraleucaniline (v. supra) by oxidising a mixture of /-toluidine 
and aniline:— 

C 6 H 5 NII a 

NHa.QH4.CH3 + - ^ NHg.C e H 4 . 

QHjNHjj 

/•Toluidine. Aniline. Paraleucaniline. 


yC 6 H 4 NH a 

CH^ 

X: e H 4 NH a 


In the “ New Fuchsine ” process formaldehyde is employed. This condenses with 
two molecules of aniline to form diaminodiphenylmethane, which is then oxidised 
together with aniline and aniline hydrochloride to give Pararosaniline— 

CH a O + 2QH 6 NH a - > CH a <C 6 H 4 NH a ) 2 ; 

Formalde- Aniline. \ Diaminodiphenylmethane. 
hyde. 


* For a summary of the evidence see Sidgwick’s “ Organic Chemistry of Nitrogen,” Oxford, 1910, 
p. 61. 
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/C,H 4 NII a 

CH/ + CgH t NH 2 HCl 

N C,H 4 NH a 

Diamino* Aniline hydro* 

diphenylmethane. chloride. 


X fl H 4 NH a 

C1II 2 N = C fl II 4 =C< 

x C 6 TI 4 Nir a 


Pararosaniline. 


Phosgene, again, .reacts with dimethylaniline to give tetramethyldiaminobenzo- 
phenone — 



Phosgene. 


C 6 II„N(CH 3 ) 3 

CjIIjNlCII^a 

Dimethylaniline. 


> 


/Cell.NfCH,), 

co< 

N C e H 4 N(CH 3 ) a 

Tetramethyldiamino* 

benzopbenone. 


+ 2HC1. 


This may be converted into the chloride and condensed with a further molecule 
of dimethylaniline, or reduced to the benzhydrol, which is condensed with dimethyl¬ 
aniline and the leuco compound oxidised, giving Crystal Violet, hexamethyl 
pararosaniline hydrochloride — 

/QII^NlCHsk 
c^—C 6 H 4 N(CH 3 ) a 
^C 6 H 4 ==N(CH 3 ).,C1 

Crystal Violet. 


Oxalic acid has also been employed, as in the manufacture of Aurine (tri- 
oxytriphenylcarbinol anhydride) from phenol, oxalic acid, and sulphuric acid. We 
may suppose that formic acid is first produced, which then reacts with the phenol, 
giving Aurine— 

/QH.OH 
c^-c 6 ii 4 oh 
\ c 6 h 4 =o 


The preparation and properties of some typical triphenylmethane dyes are given 
below:— 


Diamino Compounds (Malachite Green Series). 

Malachite Green is essentially a salt of tetramethyldiaminotriphenyl carbinol. 
It usually appears in commerce as the zinc or iron double chloride, or the oxalate. 
Its method of preparation has already been indicated. It dyes wool, silk, and 
tannin-mordanted cotton green. 

Brilliant Green is prepared similarly from benzaldehyde and diethylaniline; 
its dyeing properties are similar to those of Malachite Green. 

SetOglaucine is prepared from 0-chlorbenzaldehyde and dimethylaniline. 

Setocyanine, Victoria Green 3B, and Glacier Blue are other dyes of this 
type. 

The above-described dyes are basic dyes; the sulphonic acids of this series are 
acid wool dyes. Examples are Erioglaucine A, from benzaldehyde-0-sulphonic 
acid and ethylbenzylaniline sulphonic acid, Night Blue B, from 0-chlor-w- 
nitrobenzaldehyde and ethylbenzylaniline sulphonic acid; 

Patent Blue V is obtained by condensing > m-oxy- 
benzaldehyde with diethylaniline and sulphonating the 
product, or from w-nitrobenzaldehyde and diethylaniline, 
reducing and diazotising to form the hydroxy group, and 
sulphonating. 

Patent Blue A is the corresponding product from ethylbenzylaniline. 



C 6 H 4 N(C 2 H 6 ) a 
y OH 

iH^SOgNa 
\SOg 
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The mordant dyes, Chrome Green, Chrome Violet, and Chrome Blue, 


/ C,II 4 N(CH 3 ) 2 
IIO-C^-C a H 4 .COOII 
\C„H,N(CH 3 ) 2 


Chrome Green. 


^C.II.NlCHsh 

H 0 .C^-C 6 II 3 ( 0 II)C 0011 

\C 6 H 4 N(CII 3 )„ 

Chrome Violet. 


C^-C 10 H S (OH)COOII 

Xc # II 4 =N(CH 3 ) 2 C 1 

Chrome Blue. 


re obtained from tetramethyldiaminobenzhydrol and benzoic, salicylic, 
■oxynaphthoic acid respectively, and may also be included in this class. 


or 


Triamino Compounds—Rosaniline Series. 


Pararosaniline (Parafuchsine, Paramagenta) has already been referred to 
>p. 467, 468). 

Rosaniline (Fuchsine, Magenta) is the hydrochloride of triaminodiphenyl- 
>lylcarbinol— 

' C c TI 3 (CH 3 )N 1 I 2 


c 6 h 4 nh 2 

^C tt H 4 ==NH 2 Cl 


and is prepared similarly either by oxidising a mixture of aniline and 0 - and 
^-toluidine by various oxidising agents, or by the New Fuchsine process from 
formaldehyde, aniline, and 0-toluidine. New Fuchsine (hydrochloride of triamino- 
tritolylcarbinol) is prepared from formaldehyde and 0-toluidine. 

These three dyes are basic dyes, dyeing wool, silk, and tannin-mordanted 
cotton red shades. 

Rosaniline is one of the oldest synthetic dyes, having been put on the market 
in 1859 by Verguin. The constitution of this and Pararosaniline was not, however, 
ascertained until 1878 by E. and O. Fischer (see for example Georgevics, 
“Chemistry of Dyestuffs,” p. 137). The alkylated, benzylated, and arylated 
rosaniline dyes are also basic dyes; they are obtained either by alkylating, etc., 
the rosanilines or by treating the corresponding tertiary amines according to the 
general processes indicated above. Examples are :— 


Hofmann Violet, a mixture of mono-, di-, and tri-methyl or -ethyl rosaniline and pararosaniline 
hydrochloride, from methyl or ethyl halides and rosaniline and pararosaniline. 

Aniline Blue, spirit soluble, triphenylrosaniline and iriphenyl-pararosaniline hydrochloride, 
by the action of aniline on impure rosaniline. 

Methyl Violet, penta- and hexa-methyl-pararosaniline, by the oxidation of dimetbylaniline. 


Crystal Violet, from dimethylaniline {v. above). 

Ethyl Violet, the corresponding dye from diethylaniline. 



;H 4 N(CH 3 ) 2 

. n isr/ru \ n Methyl Green, heptamethylpararosaniline chloride, by acting on 

6 4 ' 3,3 Methyl Violet with methyl chloride. 


,C 6 H 4 =N(CH 3 ) s C 1 


Ethyl Green, ethylhexamethyl pararosanilinechlorbromide, by treating Methyl Violet with 
ethyl bromide. 

Benzyl Violet, obtained by acting on Methyl Violet with benzyl chloride. 

The sulphonic acids of the rosaniline series are obtained either by sulphonating 
the basic dyes, or from the amine sulphonic acids. Typical examples are:— 


Acid Magenta, a mixture of trisulphonic acids of rosaniline and pararosaniline obtained by 
sulphonation of the bases, dyes wool in acid baths. 

Alkali Bljie, monosulphonic acid of triphenylrosaniline and triphenylpararosaniline, obtained 
by sulphonation, dyes wool in an alkaline bath. 
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Soluble Blue is the corresponding trisulphonic acid, and dyes silk and mordanted cotton. 

Hbchst New Blue, a tiisulphonic acid obtained by sulphonation of trimethyltriphenylpara 
rosaniline (obtained from phosgene and methyldiphenylamine), dyes wool from acid baths. 

Acid Violet 6B, disulphonic acid of dimethyldiethyldibenzyltriaminotriphenylcarbinol, 
obtained from dimethyl-^-aminobenzaldeh) de and ethylbenz>laniline‘sulph9nic acid, dyes wool 
from acid baths. 

Eriocyanine A, tetramethyldibenzylrosanilinedisulphonic acid, from tetrametbyldiamino- 
henzhydrol sul phonic acid and dibenzylaniline sulphonic acid, dyes wool reddish blue in acid baths. 

We may include here the triaminodiphenylnaphthyimethane dyes:— 

yC 6 TI 4 N(CH 3 ) a 

C<_C 6 H 4 N(CH 3 ) 2 


> C 10 H 6 =NC 6 H 6 .HC1 

/CeHtNlCzH^ 

C^-C 6 H 4 N(C 8 H 5 ) a 
\ C 10 H 6 =NC 7 H 7 . HC1 


Victoria Blue B is obtained from phenyl>a-naphthylamine 
and tetrametliyldiaminobenzophenone chloride or tetramethyl- 
diaminobenzhydrol. It djes wool, silk, or cotton from acid baths, 
or mordanted cotton. 


Night Blue is similarly obtained from /-tolyl-a-naphthylamine, 
and has similar dyeing properties. 


Hydroxy Compounds—Aurine Series 


Aurine, rosolic acid, has already been referred to; it is used for colouring 
varnishes. 


X 6 H 3 (OH)COOH 

HO-C^C 6 H 8 (OH)COOH 

\c 6 H 3 (OH)COOH 


Chrome Violet, aurine tricarboxylic acid, is 
obtained from formaldehyde and salicylic acid; used 
for printing chrome mordanted cotton. 


A number of mordant dyes of this series have been prepared recently; see English „ 
Patents, 15,204, 1907 (Geigy); 14.311. 1909; i 4 , 3 i*» i 9 ° 9 ; 3^8, 1910; 1,411, 
1910; 6,364, 1910 (Bayer); 12,130, 1910; 17,087, 19x0 (M.L.B.). 


We may finally note the azotriphenylmethane dyes, one of which, Alizarin Yellow F.S., has 
already t>een referred to under azo dyes. They are obtained from triphenylmethane dyes containing 
free amino groups by diazotising and coupling with components and oxidising. For example— 


^C 8 H 4 N(CH 8 ) 2 

HO-C^-“C 6 H 4 .N==NC 6 H 3 (OH).COOH 

\C 0 H 4 N(CH 8 ) 8 


Azo Green is obtained from diazotised w-amino- 
tetramethyldiaminotriphenylmetliane and salicylic 
acid ; dyes chromed wool. 



Phenolphthalein, the lactone of dioxytriphenylcarbinolcar- 
boxylic acid, obtained from phenol and phthalic anhydride, may 
be classed in the aurine series, though its production is analo¬ 
gous to that of the phthaleins {g-v.); it is employed as an indicator 
in volumetric analysis. 


5. PYRONE DYES 

The dyes of this class are closely allied to the di- and tri-phenylmethane dyes, 
and are sometimes classed with them. It is more convenient, however, to treat 
them as a separate group and to regard them as pyrbne or xanthene derivatives. 
They all contain the pyrone ring— 


I 

m=C 

\c/ 

/\ 





SYNTHETIC DYES 


and may be regarded as derivatives of Xanthene, C 6 H 4 <^^ /C 6 H 4 , or of Meso~ 
Phenylxanthene, 

\c 0 h 6 

The Pyronines are obtained by condensing formaldehyde with dialkyl-m 
aminophenols, thus— 


N^h/ 


HOv /N(CH,)j 
X C,H/ 


(CH,)^. /OH HO. 


p>C.H, 


/N(CHJ, 


(CH a ) 2 N.C,H,<^ j ^>C,H JI N(CH,) i 

which on oxidation gives Pyronine G, (CH 8 ) 2 N—C 8 H 8 <^^C,H 8 =N(CHj) 2 C 1 . 

Pyronine B is the corresponding product from diethyl-///-ami nophenol. These 
dye cotton, wool, and silk red, but are not very fast. 

The next group to be considered are Fluorescein and its derivatives, the 
Eosines, etc. 

Fluorescein is obtained by the reaction of phthalic anhydride on resorcin 
thus— 

HOv /OH HOv /OH HOv y O K /OH 

X^h/ Nvi/ X QH s / >C*h/ 

COv -^ x c/ 

C « H *-^ CO ill ^to 


It may also be formulated HO—C 6 H a 


>QH 8 = 0 . 


Its alkali salts are soluble 


n C 6 H 4 COOH 

in water with a beautiful green fluorescence, whence the name. They dye silk and 
wool yellow. Eosine, tetrabromfluorescein, is obtained by brominating fluorescein. 
Erythrosine, tetraiodofluorescein, is obtained by iodising. Erythrene and 
Spirit Eosine are methyl and ethyl ethers of eosine. Phloxine, tetrabrom- 
tetrachlorfluorescein, is obtained by brominating the tetrachlorfluorescein from 
tetrachlorphthalic acid and resorcin. Phloxine P is the tetrabromdichlorfluorescein 
obtained by brominating the dichlorfluorescein from dichlorphthalicacid and resorcin. 
Rose Bengal and Rose Bengal 3B are the corresponding tetraiododichlor- and 
tetraiodotetmchlorfluorescein. These dye animal fibres yellowish red to bluish red 
shades; not very fast. 

Fluorescein, as formulated above, is a dioxy-mesophenylxanthenecarboxylic acid 
or its lactone; the next group to be considered, the Rhodamines, are amino 
derivatives of mesophenylxanthene carboxylic acid. 

Rhodamine B, CI(CgH 6 ) 2 N=C 6 H/C 6 H 8 —N (C 2 H ft ) 2 , can be obtained 

c ^C 8 H 4 .COOH 

either by condensing twomolecular proportions of diethyl-w-aminophenol with phthalic 
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anhydride, or by condensing cquimolecular proportions of diethyl w-armnophenol 
and phthalic anhydride to form diethyl-/-amino-<?-oxybenzoylbenzoic acid, which is 
then condensed with a further molecular proportion of diethyl-w-aminophenol. 


(C a H c ) 2 N. 


\c«h/ + 


OH CO — O 


C 6 H 4 —CO 


-> (C a H 5 ) a N x 


C 0 n/ 


OH 

CO 


C G H 4 —CO.OH 

(C 2 H 8 ) 2 N x /Oil HOv y N(C a H 8 ) a -^ (C a H 8 ) 2 N—C 6 IJ / ^C 6 n s ~N(C 2 IJ 6 )* 

C « Ila \cO + c « n < ? 

! C 6 H 4 COOH 

c g h 4 .cooh 

By this second method unsymmetrical rhodamines can be obtained, for example:— 


Rhodine 2 G from dimethylaminooxybenzoylbenzoic acid and ethyl-w-aminophenol, the 
carboxylic group of the dye being finally converted into its ethyl ester. 

Rhodamine 12GM, from dimethylaminooxybenzoylbenzoic acid and resorcinmethyl ester, and 
esterification of the product. 


Irisamine G, from dimethylaminooxybenzoylbenzoic acid and w-amino-/-cresol, the product 
being esterified. 


Rhodamine B can also be obtained by converting fluorescein into its chloride 
by PC 1 6 , and treating the chloride with diethylamine:— 


CX 


HO—C,H 3 / ^C # H,—OH 

I 

C s H 4 COOH 


Cl-C.Hj/^/CsHa-Cl 


C„H 4 COOH 


(CsH 4 ) 2 N-C 6 H,/ /c 8 H s -N(C 2 H,) 2 


CX 

I 

C„H 4 COOH. 


By applying this method the corresponding arylaminoxanthene derivatives can be 
produced, the sulphonic acids of which are acid wool dyes (whereas the Rhodamines 
described above are basic dyes, dyeing tannined cotton, wool, or silk various shades 
of red). 


Examples of such acid dyes are:— 

Fast Acid Violet B (Violamine B), C 6 H fl N=^ 6 Hs<^ ^>C 6 H S —NH.C 6 H 4 SO s Na, obtained 

X QH 4 COONa 

by sulphonating the product of reaction of aniline on fluorescein chloride. 


Fast Acid Violet A2R (Violamine R), and Violamine G, are the corresponding sulphonic 
acids obtained by sulphonation of the products from 0-toluidine and /-phenetidine respectively. 

The above derivatives of phthalic acid are known as Phthaleins ; succinic 
anhydride gives similar products known as Succineins. For example:— 

Rhodamine S, Cl(CH 8 ) 2 N-C 4 H g <^C 6 H,N(CH,)* 

C 2 H 4 COOH 

Finally, mention should be made of two phthaleins of somewhat different 
properties, viz.:— 


Galleine from gallic acid or pyrogallol and phthalic anhydride, a violet mordant 
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dye, and Caeruleine, an anthracene derivative, obtained by treating galleine with 
concentrated sulphuric acid ; a green mordant dye :— 


Oil Oil 



I v 
CflH 4 COOII 


Galleine. 


Oil Oil 

o-=f / \-o -/Non 


I V 

C,H. -CO 

Coeruleine. 


6. AZINE DYES 


The azines are characterised by containing the azine (pyrazine, paradiazine) 
ring 




\ 





The azine dyes of the anthracene series (indanthrene, etc.) have already been 
described. We shall consider here those azines which contain other aromatic 


nuclei. The simple azines, like diphenazine, 


/ N \/X 


\N/\/ 


or naphthophenazine, 



like the simple azo compounds, are not dyes. But when the 


nuclei contain suitable substituents (“ auxochromes ”), such as NH 2 or OH, the 
products are in general dyes. It is now usual to formulate the azine dyes as 
possessing an ortho-quinonoid structure, and this practice will be followed in the 
succeeding pages. 

In some cases, e.g. y the safranines, alkyl or aryl groups are attached to one of the 
two nitrogen atoms, which is then regarded as quinquevalent, the dyes being then 
referred to as azonium compounds, —e.g., Safranine T— 


CII, 

NH 2 




'^c 6 ii 2 ^ n ^c 8 h 2 <^ 
c 6 h 5 \i 


CH„ 
■nh’ 


i.e . 9 meso-phenyldiaminoditolylazonium chloride, mixed with the corresponding 
meso-tolyl body. 

The principal group of azines to be considered are the Eurhodines, the 
Rosindulines and Isorosindulines, the Safranines, and the Indulines. 

The Eurhodines are aminodiphenazines, the Rosindulines and Isorosin¬ 
dulines are naphthophenazine compounds, the Safranines are, as previously 
stated, meso-alkyl- or -aryl-diaminoazines, while the Indulines are meso-alkyl- 
or -aryl- tri- and -tetraaminoazines. 

The following general methods for the production of azines should be noted :— 


i. Condensation and Oxidation of a /-nitroso derivative of an 
amine with a second amine. For example 


(CHAN-QI^ 

/f-NItrosodimethyl 


/ 


NO 


CII a 

*\nh s 

Toluyleno diamine. 


+ JCj\/ 
r.isj/ 




N\ XII, 


' S NH 11 IIC1 

Neutral Red (an eurbodine). 


34 
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Instead of a/ nitroso compound, a /-diamine or a /-aminoazo compound may 
be used; for example:— 

/NHg aNv 

(CH s ) a N—CfiH/ yCJtl r mU + 30 + HC1 -> (CH 3 ) 2 N—C 0 H 3 ^^>C 6 Hj—NH g.IICI 


/•Aminodimethylaniline. *c-Phenylenediamine. 

.N=N—C 0 H fl 


—v^ 6 n fl / 

(CH s ) a N-C a H/ + NIK 


CfiH; 


CH 8 

NHo 


Neutral Violet (an eurhodineX 
'+ O + IIC 1 


/•Phenylazodimethyl 

aniline. 


C.II. 

Phenyl-»**tol u y lene 
diamine. 


/CH, 

C,H,NH a + (CH.J.N.Q.HX >C 6 H/ 

Aniline. ^NH, 


C 6 h/ \l 

Rhoduline (a safranine). 

In the latter reaction it will be noted that the azo compound splits up and an 
amine forms as a bye-product. 


2. Both the azine nitrogen atoms may be obtained from an ^-diamine 
or ^-aminoazo compound, eg. 


CH SX /NHg 

+ C 10 H 7 NH a + 3O + HC 1 — 

\nh 

-> CI I 3 -C 0 H 3 / N ^C 10 H 5 . N 11 , 

1 

/\ 


CgH, Cl 

Ethyl-^-toluylene a-Naphthylamine. 

Induline Scarlet (a rosindulineX 

diamine. 



or 

/N=NR 

CH 3 -C tt Il/ + C 10 H 7 NH 2 + O + HC1 

\NII-C a H 8 


Axo derivative of ethyl-/- a-Naphthylamtne. 

toluidine. 


ch,-c,h<Nci. h .kh, + rnHi 

Induline Scarlet. 


3. The most important method is that in which three components 
are used ; this method is largely employed for obtaining Safranines. 

Obviously this method is capable of yielding a great variety of products. The 
process may be carried out either in one step or two. If, for example, a /-nitroso 
compound of an amine is condensed with another amine, an intermediate product, 
an indamine, is formed, thus:— 


(CH 3 ) 2 NC a H 4 NO + C 6 H 8 NH 8 + HC1 

/•Nitrosodtmethylaniline. Aniline. 


-> (CH 3 ) 2 N=C a H 4 =N—C a H 4 NH 2 

Indamine. 


The indamines are too unstable to be used for dyes, but on oxidation with 
another molecule of an amine give azines, eg .:— 

Cl(CH,) r -N=C,H/ N ' S C,H 4 .NH, 

+ 

NH g 

I + aO - 
C.H, 


-> (CH,)gN-C,H s ^^>C,H,NH 1 

Methylene Violet (a s&franineX 


Obviously, instead of a /-nitroso compound a /-diamine or /-aminoazo compound 
may be used. 

The three components may be directly condensed and oxidised to the azine 
without isolation of an intermediate indamine. This was the method by which 
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the first synthetic dye, Mauveine, was obtained by Perkin in 1856. Mauveine is 
a mixture of Safranines obtained by oxidising an impure aniline containing toluidine. 
It consists of— 


*Nv 


NH 2 C 0 H 3 ^ ^>C 6 H s NHC 6 H 5 and its homologues. 

/\ 


C 8 H< Cl 


Safranine T, previously referred to (p. 473), is obtained by this method from 
/Koluylene-diamine, analine, and o-toluidine, or ^-toluidine and o-toluidine (two 
molecules.) 


Similarly, Phenosafranine, mesophenyl-diaminophenazonium chloride, is 
obtained from Aphenylenediamine and two molecular proportions of aniline. 

The indulines are produced by a similar method; Induline itself contains 
mesophenyl-dianilinoaminodiphenazonium chloride, and mesophenyl- tri- and -tetra* 
anilinophenazonium chloride:— 



and is prepared by heating aminoazobenzene with aniline and aniline hydrochloride. 
Here arylamino groups are introduced into the molecule by means of the excess 
of aniline. 


Nigrosine is similar in composition, and is prepared by heating aniline and 
its hydrochloride with nitrobenzene and a metal. These two dyes are principally 
used in the production of varnishes and inks (see p. 491). 

4. Another method which is a direct condensation without oxidation, 
viz,, condensation of an ^diamine with an i-quinone, is illustrated by the 
preparation of Flavinduiine 



Phenanthrene* **Aminodiphenyl Flavinduiine. 

quinone. amine. 


A large number of other azines are known, but the above are sufficiently typical and illustrate the 
general methods. 

Those azines which contain only amino groups are in general basic dyes, dyeing tannin-mordanted 
cotton or silk usually red, violet, or blue shades. When sulphonic acid groups are present, 
when the dyes are derived from sulphonated parent materials, or are sulphonated after their produc¬ 
tion, the products are acid wool dyes; practically the only recent developments in the azine series 
are in the production of acid wool dyes of the Safranine type. 

We may note finally that some azo dyes ha we been prepared by diazotising azine dyes containing 
amino groups and coupling with j9-naphthol, etc.; Indoin Blue (diazotised Safranine T+/9-naphthol) 
is an example. 
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7. OXAZINE DYES 

The oxazine dyes are analogous to the azines, but contain, instead of the azine 
ring, the oxazine ring:— 

^ N \ 

—C C— 

4 L 

I 

The oxazines are usually formulated as ortho-quinonoid compounds. It will be 
seen from the examples given below that the general methods of preparation are 
analogous to those employed in the production of the azines. 

The most important group of oxazines is the Gallocyanines, which are 
obtained from gallic acid and its derivatives, and are employed for producing blue 
shades by printing on cotton or wool with chrome mordants. 


Gallocyanine itself is prepared from nitrosodimethylaniline and gallic acid :— 
/NO /Oil /OH 

<CH,) 2 N.C 4 h/ + ,0,11,^-011 + O + HC 1 -> (CH s )*N.c 0 H 3 <( o Jcu^-oii 

IICK \COOH | \COOH 

Cl 

Nitrosodimethylaniline. Gallic acid. Gallocyanine chloride. 


The free base may be formulated as the anhydride :— 

/OH 

(CH 3 ) 8 NC,)II 3 <^ ^c„h^-oh 

I Nx> 


By using derivatives of gallic acid other gallocyanines are produced, t.g., Prune, 
from nitrosodimethylaniline and methylgallate; Gallamine Blue, from nitroso¬ 
dimethylaniline and gallamide; Celestine Blue B, from nitrosodicthylaniline and 
gallamide. In these processes the /-aminoazo compounds can be used instead of 
the /-nitroso bodies (cf. the corresponding processes for preparing azines). 

Reduction converts the gallocyanines into their leuco derivatives (IQOO Blue, 
Modern Violet, etc.), which for some purposes are preferable to the parent dyes. 
The action of bisulphites also give products which are probably modified leuco 
derivatives. Gallocyanines can be condensed with aromatic amines or phenols; for 
example, Delphine Blue is prepared by condensing gallocyanine with aniline and 
sulphonating the product, while Phenocyanine VS is obtained from diethylgallo- 
cyanine and resorcin. By heating ordinary gallocyanine in solution or suspension 
in an acid, neutral or alkaline medium, C 0 2 splits off and a pyrogallol-gallocyanine 
is obtained (see English Patents, 20,802, 1906; 9,961, 1907 ; 1,334, 1908). 


The other oxazine dyes need not be discussed at length. Examples are:— 


Meldola’s Blue (New Blue), from nitrosodimethylaniline and / 3 -naphthol ; Nile Blue A, from 
nitrosodiethyl -w-aminophenol and a-naphthylamine; Muscarine, from nitrosodimethylaniline and 
2:7-dioxynaphthalene. H0\ 



Meldola’a blue. Nile blue A Muscarine. 
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8. THIAZINE, THIAZOLE, AND SULPHIDE DYES 

These three groups of dyes are conveniently considered together, as they are 
each characterised by containing sulphur, in a ring or otherwise. 

The Thiazines contain the six-membered ring— 

NfV 

A l 

i 

which may be compared with the azine and oxazine rings. 

A typical thiazine is Methylene Blue, tetramethyldiaminodiphenazthionium 
chloride, (CH 3 ) 2 N.C 6 H 3 ^ /C 6 H 3 N(CH3) 2 . It is prepared by oxidising dimethyl- 

I 

Cl 

/>-phenylenediamine together with sodium thiosulphate to give the thiosul phonic 
✓ N li 2 

acid, (CH 3 ) 2 N.C 6 H 3 <_ , which is then oxidised with dimethylaniline to the 

^S.S0 3 H 

indamine, (CH 3 ) 2 N==C 6 H 3 ==N—C 0 H 4 —N(CH 3 ) 2 , which, on further oxidation, gives 

\ >s 
x o 3 s / 

first Leucomethylene Blue, (CH g ) 2 N.C 0 H 8 <^ ^ ^>C 0 H 3 —N(CH 8 ) 2 , and then the 
dye. 

Methylene blue is a basic dye, dyeing tannin-mordanted cotton. It has 
also therapeutic properties. 

New Methylene Blue N, diethyldiaminotoluphenazthionium chloride, is 
obtained similarly from /-aminoethyl-*?-toluidine, sodium thiosulphate, and ethyW- 
toluidine, and has similar properties. 


Brilliant Alizarin Blue, ethylbenzylaminophenodioxynaphthazthionium 
sulphonic acid anhydride, is obtained by oxidising /-aminoethylsulphobenzylaniline 
thiosulphonic acid and / 3 -naphthohydroquinone:— 


Q1H5.N- 


-C a H; 


< 


NH, 


+ c. 


s \ 


/O 

'"<0 


-OH 

H 


CH a .C 6 H 4 SO s Na , S0 8 Na 


yOll 

c 8 h 5 ~n_c 6 ii 3 < s >c 10 h 4 < oh 

ch 2 .c 6 h 4 .so» 


It dyes chromed wool, cotton, or silk. 

Another method of obtaining the thiazine ring consists of the use of sulphuretted 
hydrogen and ferric chloride; for example:— 


Gentianine, dimethyldiaminodiphenazthionium chloride, 

*Nv 


(CH,),N.C a H,^ ^C,H 4 NH* 

Al 


is obtained by oxidising by means of ferric chloride, /-phenylenediamine with 
dimethy l-/-phenylenediamine in presence of sulphuretted hydrogen. 
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The Thiazoles contain the five-membered ring 



The typical thiazole is Primuline, a yellow direct cotton dye; it is obtained by 
heating /-toluidine with sulphur, whereby dehydrothiotoluidine, 

H 2 N.C 6 H 4 .C=N—C 6 H 3 CII 3 


is first formed; this, on further heating with sulphur, condenses to the primuline 
base:— 

H a N. C 6 H 4 . C=N. C 6 H s . C=N. C 6 II 3 . C=N. C 6 l I 8 CII 3 

\ S / \ S / \ S / 


which is sulphonated to give Primuline. 

As previously described, Primuline can be diazotised and combined with azo 
dye components, and it is used thus for producing azo dyes on the fibre (see 

Developing Dyes, p. 450). 

Methylation of dehydrothiotoluidine gives Thioflavine T, 


CH S Cl 

x 

ch 3 .c 6 h 3 <Q yc.c.u^icu^ 


which dyes tannin-mordanted cotton or silk green¬ 
ish yellow. 


The Sulphide Dyes (p. 545) form a very large and important group. They 
are characterised in general by the property of dissolving in sodium sulphide solutions 
and dyeing cotton from such a bath. Some, however, are insoluble in sodium, 
sulphide, but dissolve in alkali hydrosulphite and thus behave as vat dyes. The 
method of preparation is very simple, consisting in melting the parent substance 
with sulphur or more usually with sulphur and sodium sulphide. The parent sub¬ 
stances used are very diverse. The first sulphide dyes were prepared from natural 
organic bodies, such as sawdust, bran, woodpulp, etc., and the product, CachOU 
de Laval, dyed cotton brown shades. The first sulphur dye from a synthetic 
organic compound was Vidal Black from /-aminophenol. A large number of 
sulphide dyes have been prepared from diphenylamine derivatives, eg., Immedial 
Black V, from dinitrooxydiphenylamine, Immedial Sky Blue, from diethyl-/- 
amino/'-oxy-diphenylamine. 

Cassella Sc Co. form indophenolic bodies by condensing /-nitrosophenol with carbazole or its 
N-alkyl, etc., derivatives; and then sulphurise- Hydroin Blue R and G (see English Patents, 
2,918, 1909; 9,689, 1909; 14,143* I9°9 * 18,822, 1909; 22,138, 1910) are vat dyes of this type. 

The sulphur dyes derived from anthraquinone have already been referred to (see Anthracene 
Dye*, p. 458)- 

Although so many sulphur dyes have been prepared, their constitution is not known with 
certainty. Probably many of them, for example, Immedial Sky Blue, contain a thiazine ring, and 
also contain a thio or dithio group (R.S.H. or R.S.S.R.). 


9. ACRIDINE DYES 

This is a small group of basic dyes, which contain the acridine nucleus, 
. A typical method of preparation may be illustrated by the case of 
Acridine Yellow, diaminodimethylacridine; condensation of formaldehyde with 




SYNTHETIC DYES 


479 


w-toluylenediamine gives tetraminoditolylmethane 

H S N V /NH, H.N. yin n. 

)c,u/ \c,n 2 < 

n»cx ch 2 x:h„ 


from which,on heating with acids, ammonia splits off, giving a hydroacridine derivative: 

this on oxidation, say, with ferric chloride, gives the dye, 

HC1.H 2 N v /NH a 

>C 8 H 2 < | >C 8 H 2 <( . 

CIV X CH/ \CII 3 

A similar condensation, using benzaldehyde and w-toluylenediamine, gives 
Benzoflavine, diaminodimethyl-meso-phenylacridine, 

/NH a 

c 8 H e 

dyes yellow shades. 

Another yellow acridine dye, which is used for dying leather, is Phosphine, a 
diaminophenylacridine, 

c,h 4 <^c 6 h,nii* 


first obtained as a by-product in the manufacture of Rosaniline. Its formation 
may be represented thus— 


/NHjj y NH* 

c * h <c H> + W 

+ 

CeH 6 .NH 2 

#-Toluidine. Aniline. Aniline. 


C,H 4 </ | )>C,H,.NH, 


C,H t .NHj 


io. MINOR GROUPS OF DYES 

A brief description will be given here of a number of small groups of dyes:— 

(a) Nitro Dyes. —Some simple nitro compounds possess dyeing properties. 
Examples are: Picric acid (trinitrophenol), Mar tills yellow (dinitro-a-naphthol), 
Naphthol yellow S and RS (dinitronaphthol sulphonic acids), Aurantia (hexa- 
nitrodiphenylamine); all are acid wool dyes. 

Picric acid is still used to some extent for silk and leather. 

(b) NitrosO'Phenol or Quinoneoxime Dyes.— These are practically obsolete 
dyes; examples are Fast Green O (dinitrosoresorcin or benzoquinonedioxime), 
Gambine R and Y (nitrosonaphthols or naphthoquinoneoximes), Dioxine 
«[nitrosodioxynaphthalene or oxynaphthoquinoneoxime); these are mordant dyes. 

(r) Quinoline Dyes. —These are chiefly of interest because of the use of some 
of them m photography {see Photographic Chemicals, p. 655). 

Cyanine, obtained by the action of amyl iodide on a mixture of quinoline and 
lepidine, and Quinoline Red, from benzotrichloride, quinoline, and isoquinoline, 
are examples of these. 
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Quinoline Yellow, quinophthalone, is obtained from ,quitialdinc and phthalic 
anhydride; sulphonation of this product gives a soluble wool dye. 

( d) Oxyketone Dyes (other than anthracene derivatives).—A few mordant 
dyes of this type may be noted. Alizarin Yellow A, trioxybenzophenone, from 
benzoic acid and pyrogallol; Alizarin Yellow C, trioxyacetophenone, from acetic 
acid and pyrogallol; Galloflavine, obtained by oxidising gallic acid ; and Alizarin 
Black S or Naphthazarine S, the bisulphite compound of naphthazarine, 


HO- 



, | j, obtained from dinitronaphthalene by Zn + conc. H 2 S 0 4 , or S + S 0 8 . 


(<?) Indamines and Indophenols. —These are compounds of the type 
NII 2 C 6 I f, —N=C 6 H 4 =NH and NH 2 C G H { —N =C 0 H 4 =O, respectively. They are 

Indamine. Indophenol. 

too unstable to be used as dyes; the production of indamines as intermediate 
products in the manufacture of azine and thiazine dyes has already been referred 
to (f/.v.). On reduction they yield diphenylamine derivatives, and hence they are 
of importance as the parent materials for the manufacture of sulphur dyes. 

(/) Aniline Black. —This old and still highly important dye should be more 
properly discussed under dyeing, since it is practically always formed on the fibre, 
by impregnating the material with aniline salts and oxidising by means of chlorates, 
etc. Many variations on the process have been suggested, chiefly with a view of 
obtaining a black which will not turn green. One of the most recent processes is 
that of Green (English Patent, 16,189, 1907), according to which a small quantity of 
^-phenylenediamine, /fr-aminophenol, or the like, is added to the aniline, and the 
oxidation is effected by air, the p phenylenediamine, etc., being supposed to act 
catalytically. 

The constitution of aniline black has been the subject of many researches. It has the empirical 
formula (C 6 H 5 N) x . According to Green and Woodhead (fount. Chemical Society , 1910, p. 2388), 
a series of quinonoid bodies containing eight nuclei can be obtained by oxidation of aniline, viz., 
proto-emeraldine, emeraldine, nigraniline, and pernigraniline, the first and last of these being 
unstable bodies; aniline blacks prepared in substance consist of a mixture of emeraldine, nigraniline, 
and higher condensation products, while the blacks produced on the fibre consist largely of higher 
condensation products. Emeraldine and nigraniline are formulated as— 




iy 


o^xx^ro,. 


/\/ N v 


respectively. 

In subsequent publications (Joum . Soc. Dyers , 1913, pp. 105 et seq ., 338 el seq.), Green develops 
the view that his blacks are azonium compounds, obtained by conjoint oxidation of products of the 
emeraldine series with a further amount of aniline; the “aged” and “chlorate ” blacks are 
formulated as— 




Cl\ /C 8 H s 


Nil 


ci x/ c 6 ir s 




\/\ 




Y"i 


/vv N "\/\/ 





^>J/ v v ^ \y V 

while the “bichromate” blacks are regarded as the corresponding hydroxy compounds (</, 
English Patent, 19,124, 1912). 


For Dyeing Processes with Aniline Black (see pp. 544, 556, 557). 
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The Industry of Natural Dye-Stuffs 
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The natural colouring matters of animal and vegetable origin have been used 
for dyeing for hundreds, and in some cases for thousands, of years. Since the 
manufacture of the artificial colouring matters from coal-tar their use has enormously 
decreased. A few, however, still possess some importance, viz., indigo and logwood. 
Artificial indigo, however, is now being manufactured in large quantities, and no 
doubt in course of time the use of the natural colouring matters will entirely die out, 
being replaced by superior and cheaper synthetic products. 

Statistics.—The following figures show the value of the natural dye-stuffs imported into the 
United Kingdom:— 



1906. 

I 9 IO. 

Value. 

Cochineal - 

Cutch. 

Natural indigo 

Logwood - 
Other dye woods - 

Dye wood extracts were val 

Cwt. 

2,270 

5.217 

7,641 

359.820 

70,360 

ued in 1908 at £1 

Cwt. 

1,269 

3)202 

3 , 35 ° 

217,340 

104,360 

76,318 ; in 1910 i 

£7,pi 

86,803 

43.054 

42,000 

, 38,755 
at £156,359- 


The United States imports were 



1906. 

1910. 

Value in 1910. 

Cochineal .... 

111,000 lbs. 

151,000 lbs. 

$41,000 

Cutch. 


28,000 „ 

1,278 

Indigo (natural) - 

193,000 lbs. 

125,000 „ 

66,000 

Annatto .... 

... 

619.37* „ 

40,000 

Turmeric .... 

... 

28,000 

Dye woods in a crude state— 



Fustic .... 

••• 

5,800 tons 

83,000 

Logwood - - - 1 

37,000 tons 

32,000 „ 

368,000 

Allother - 

... 

923 »» 

33 * 00 ° 

Extracts— 


Logwood and other dye woods 

3,390,000 lbs. 

3,270,000 lbs. 

198,000 

Persian berries - 

••• 

83,000 „ 

8,000 

Chlorophyll 

••• 

4,000 „ 

3»ooo 


Black and Blue Colouring Matters 
Indigo is treated under Coal-tar Colours, p. 459- 

Logwood* (Campeachy wood, German, Blauhoh, wood of Hamatoxylon 
camptchianum of Central America) contains a colouring matter termed haemo- 


* See also pp. 490, 551, 55a. 
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toxylin, C 16 H h 0 6 + 3H 2 0 (yellow prisms, p. 490), which when oxidised is 
converted into the real colouring matter, hsematein, C 16 H 12 O e . This is soluble 
in alkalis giving a deep blue colour, and violet precipitates with aluminium salts, 
blue with copper, and black with iron and chromium. For dyeing purposes the 
wood in the form of sawdust or chips was formerly used, but now extracts are 
usually employed. 

1. In the American Method of extraction the wood is extracted five times 
for fifteen minutes in autoclaves at 1-5 atmospheres pressure. The largest yield is 
thus obtained, but it contains impurities such as resin, tannic acid, sugar, etc., 
which influence the dyeing unfavourably. 

2. In the French Method the extraction is made by simply boiling the wood 
under ordinary pressure, yielding a good and copious extract. 

3. In the Diffusion Method the wood is extracted similar to the extraction 
of beets in the sugar industry. Yield small but of best quality, and therefore dear. 

The extract is settled in large tanks, filtered through cloth, and concentrated by 
evaporation. Up to io° Be. the extracts are fluid; 3o°-4o° Be. yield solid extracts. 
Logwood is exclusively used for black dyeing of silk, using an iron salt and some 
yellow colouring matter to kill the blue tone. Also used for dyeing and printing 
black and grey shades on calico and wool, and for shading with a blue tone other 
colouring matters. Except for black silk its use is being displaced by artificial 
colouring matters. For Dyeing* Processes, see pp. 551, 552. 

Tests. —Logwood chips may be adulterated with syrup extracts containing tannin {e.g ., chestnut 
extract) or ** foots” or with excess of moisture. (1) A microscopic examination usually reveals nature 
of contamination. (2) Estimate the moisture (drying weighed quantity chips at loo° C.). If it 
contains more than 14 per cent, (usual quantity) it is adulterated and may take up 40 per cent, 
moisture. (3) The only reliable test is an actual dyeing test with white wool, made with definite 
weights of wood, thoroughly extracted, and definite weights of mordants. 


Red Colouring Matters 

Madder (German, Krapti ),—Now displaced by artificial alizarin (p. 451), 
which see. 

Redwood, Brazil Wood ( Rotholz , Bois rouge ),—Many different varieties are 
known (.Family Leguminosse, genus Caesalpinia, found in East Indies, Central and 
South America, etc.). It contains the colourless base brasilin, C 16 H 14 0 6 , which 
when carefully oxidised furnishes the red colouring matter brasilein, C 16 H 12 0 6 . 
The constitution of brasilin is believed to be as shown— 


HO.CallZ | 

\CII—C.OH 

d:H 2 —qii^oh). 


O—CH. 


but the substance has not as yet been synthesised. The colour is not very fast, and 
its use is dyeing cotton, and printing to produce mixed shades; also for wool and 
oils. 


Santalwood ( Sandelholz , East Indies) contains 16 per cent, of santalin, 
Ci 6 Hi 4 O fi ; the extract is used for colouring confectionery, liqueurs, tinctures, etc. 


Archil ( Orseille , Oricello , Orchilla) is obtained from the algal genera Roccclla, 
Variolaria , and Lecanora y by extracting the plants with water and warming the liquor 
with ammonia, when the archil is precipitated as a paste. The actual colouring 
principle is orcin, C 0 H 8 (CH8)(OH) 2 , which in the presence of air and ammonia 
oxidises to the violet dye orcein, C^I^NgO;. 

Litmus (LachmuSy Tournesol) is likewise obtained from certain algse (species 
of Roccella and Lecanord) in the East Indies, tropical America, and Canary 
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Islands, Scandinavian and Mediterranean coasts. The algae are dried, ground, 
mixed with ammonium carbonate, potash, and lime, allowed to stand three weeks, 
when the material ferments and produces a blue colour. More ammonia and chalk 
are added, and the mass pressed into cubes and dried. Contains several colouring 
matters (azolitmin, litmum, etc.), which in free state are red, but with alkali form 
blue salts (hence acids turn litmus red, alkalis blue). Used as an indicator in 
chemistry, also for colouring liqueurs, confectionery, preserved fruit, etc. etc. 

Carotine is the yellow-red colouring matter of carrots, and is used for colouring 
butter and cheese. 

Alkanet, C 16 H 14 0 4 , is obtained by extracting the root of the Alcanna tinctoria , 
and is used for colouring oils, salves, hair-oils, etc., and other cosmetic articles, 
since it is soluble in such media and fast. 

Carmine (Cochineal) is a colouring matter contained in the females of the 
insect Coccus cacti (Mexico and Central America). The females are collected 
shortly before the laying season, killed by steam, dried, and sold as colouring matter 
under the name Cochineal. The colouring matter is carmine, which is obtained 
by extracting the insects with boiling water, precipitating with alum, washing and 
drying; it is stated to be an aluminium calcium protein compound of the 
carmine colouring matter. The cochineal insects contain 10 per cent, carminic acid, 
C^HggOig, which is hydrolysed by dilute sulphuric acid into sugar and carmine 
red, C n H 12 0 7 . Carmine is used for making face powders, colouring sweets, 
puddings, etc., being non-poisonous (see also p. 552). 

Lac-dye, a product similar to cochineal in origin and use, is obtained from 
gum-lac, an exudation product formed by certain tree-boring insects, by extract¬ 
ing with sodium carbonate solution. The residue left behind forms the ordinary 
shellac (see pp. 348, 552). 

The Purple of the ancients was obtained from a snail inhabiting the sea-coasts 
of the Mediterranean (see p. 420). 

Yellow, Brown, and Green Colouring Matters 

Fustic (Brazil wood, yellow wood, Gelbholz ), from Morns (Maclura) tinctoria , 
contains Morin, C 16 H 10 O 7 , and Maclurin, C 18 H 10 O 6 (a non colouring material). 
Morin gives a yellow lake with aluminium salts, used for colouring wool yellow. 
Not very fast to light (see p. 552). 

Quercitron, the yellow powdered bark of the oak Quercus tinctoria of North 
America, contains quercitrin, C 21 H 22 0 12 +2H 2 0, which, on boiling with dilute 
acids, hydrolyses into isodulcite, C fl H 14 0 6 , and the yellow dye Quercitin or Flavin, 
C 16 H 10 O 7 . Both quercitrin and quercitin form yellow lakes with aluminium and 
tin salts, and are consequently used for wool dyeing and printing, and largely for 
shading other colours (see p. 552). 

Persian Berries, Yellow Berries (Kreuzbeeren) contain xanthorhamnin, 

aglucoside which dilute mineral acids hydrolyse into isodulcite and the yellow 
dye rhamnetin, C 16 H 12 0 7 ; the latter substance yields, when fused with potash, 
proto-catechuic acid, C 6 H 8 .(OH) 2 .COaH. Yields yellow lakes with chromium, tin, 
and aluminium salts, fast to soap and chlorine, but only moderately fast to light. 
An extract is used as painters* colour and for staining paper and leather yellow (see 
P‘ 55 *)- 

AnnattO (Orleans, AnattO, Terra orellana ), obtained from the fleshy covering 
of the ruccu tree (Bt'xa orellana) of Central America, contains a yellow colouring 
matter, bixen, C 28 H 84 O fi , and the extract is used for colouring butter, cheese, 
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margarine (see pp. 75, 87, 546), etc. When annatto lias been adulterated with 
mineral bodies, more than 10 per cent, of ash will be found. 

Turmeric (Curcuma, Gelbwurzel ).—The powdered root of the Curcuma longa 
and C. rotunda , contains a yellow colouring matter, curcumine, which can be 
extracted with ether, alcohol, and alkalis. Although not fast to soap or light, the 
substance is a useful colouring agent for wool, silk, oil, butter, and cheese (see pp. 
75 » 8 7 > 546 )- 

Woad (Luteolin, Wau, Gelbkraut), from Reseda , R. lufeola y contains luteolin, 
C 15 H 10 O 0 , and dyes silk a fast yellow (with aluminium salts as mordant). 

Indian Yellow, Purree ( Purrea arabica, Piuri) is prepared at Monghyr 
(Bengal) from the urine of cows, fed on leaves of the mango tree. The colouring 
principle is the magnesium and calcium salt of euxanthic acid, Cj 0 H 16 O n Mg + 5H0O. 
Used as a permanent water and oil colour. If adulterated with chrome yellow it 
gives a black coloration with H 2 S. If yellow aniline lakes be present the solution 
remains yellow when concentrated HCi is added (if pure a colourless solution should 
result, depositing white flakes of euxanthic acid). 

Cutch (Cachou, Catechu, Japan Earth) is the brown amorphous extract 
obtained by boiling with water the wood of various kinds of Acacia in India and the 
East Indies. It contains cateohin and catechu-tannic acid ; the latter is used 
for tanning purposes, and being soluble in cold water may be separated from the 
catechin by washing cutch with cold water; crude catechin remains, which, being 
recrystallised from hot water, is obtained as fine, white, silky needles, M.P. 217 0 C., 
and of formula C 21 H 20 O 9 . Cutch is used in cotton dyeing and printing, producing 
brown, black, grey, and olive shades, very permanent and fast to light, soap, acids, 
and bleaching powder. Also used for silk and wood stains (see p. 549). 

Dragon's Blood is a deep or brown-red resin obtained from species of Calamus 
(India, Sumatra, Moluccas) and used for colouring spirit varnishes, toilet articles, etc., 
a deep red (see p. 348). 

Gamboge ( Gumigutt , Gutti) is the resin of Garcinia Morelia (East Indies, 
Ceylon); forms a yellow water colour, sometimes used for colouring spirit and other 
varnishes; poisonous; used in pharmacy (see p. 348). 

Saffron, Crocus (< Safran ), from dried and powdered flowers of saffron plant, 
Crocus sativus (Orient); used for colouring confectionery (see pp. 75, 87, 546). 

A green colouring matter is Chlorophyll, found in green leaves and stalks 
of plants, obtained by extracting grass, etc., with alcohol (or with dilute caustic potash 
and precipitating by mineral acids). Is fugitive in light, but is used for colouring 
confectionery, liqueurs, and toilet articles. 
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THE INK INDUSTRY 

By G. Martin, Ph.D., D.Sc. 
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Black Writing Inks 

Galiotannic Inks. —The ordinary writing inks consist, principally, of the iron 
salts of galiotannic and gallic acid strbstances contained in vegetable tannins. 
Galiotannic acid occurs in gall tannin and has the formula: *— 

C e H 2 (OH) 8 —CO—O—C 6 lI 2 (OTl) 2 .COOH. 

When hydrolysed by hot acids, or by fermentation, it breaks down into gallic 
acid, C 6 H 2 (OH) 8 .COOH. Galiotannic acid yields blue or black compounds with 
iron salts. Gallic acid, however, produces no coloration with ferrous salts, but the 
solution on standing gradually oxidises to the ferric state, becomes black, and 
deposits an insoluble black precipitate. In consequence of this property the 
ordinary writing inks of commerce are ferrous (unoxidised) inks with gallic or 
galiotannic acid, and being usually of a very pale colour, have added to them a 
provisional colouring matter, such as indigo sulphonic acid, soluble blue, etc. The 
ink on penetrating into the fibres of the paper oxidises after some days into the black 
ferric compound, and so is not easily removed by washing. The presence of 
indigo increases the permanency of the ink, and makes it more resistant to the 
action of bleaching agents. 

A good ink of this nature consists of an extract of 42 parts Aleppo galls in 120 parts of water, 
mixed with 1-2 parts of indigo solution (indigo sulphonic acid), or some other blue aniline dye, 
such as aniline blue, fast blue, etc. To this are added 5.5 parts of ferrous sulphate and 2 parts 
of metallic iron dissolved in crude acetic acid (pyroligneous liquor). A certain amount of anti¬ 
septic—say 2 lbs. phenol to 1,000 gals, of ink—is usually added to prevent the ink from becoming 
mouldy. 

State of Massachusetts official ink contains: Dry galiotannic acid, 23.4; gallic acid crystals, 7.7 ; 
ferrous sulphate, 30; gum arabic, 25; dilute hydrochloric acid, 25; phenol, 1; all dissolved in 
x,ooo parts of water. 

Dieterich recommends the following ink: 60 g. tannin are dissolved in 540 c.c. of water; 
40 g. of ferric chloride solution, containing 4 g. of iron, are mixed with 1 g. of sulphuric acid and 
400 c.c. of water. The solutions are mixed, boiled ten to fifteen minutes, and then 30 g. of sugar 
and 10 g. of aniline water blue iB are added. The ink flows easily from the pen with a deep 
blue colour, and dries blue-black ; copies taken are blue at first but become black. 

Gallic Acid Inks. —When galiotannic acid is hydrolysed by acid or allowed to 
ferment it breaks up into gallic acid, C^H 10 O 9 + H 2 0 = 2C 7 H 0 O 6 . After the con¬ 
version of galiotannic acid into gallic acid twice as much mk is produced from a 
given amount of ferrous sulphate—a fact which has given rise to Gallic Acid Inks, 
which we will briefly describe 

Ink from Fermented Gall Extract— 200 parts of powdered Chinese galls are kept moist (but 
not wet) at 2o*-25* C. until mouldy (eight to ten days), when most of the galiotannic acid has 
fermented into gallic acid. The galls are thoroughly extracted with hot water, talc is added, the 


* Recent research has shown that the tannins consist of several complex substances. 

35 
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solution filtered, and made up to 1,000 parts by weight; then ioo parts of ferric chloride solution 
containing io per cent, of iron are added, and the ink left for two weeks in closed flasks, decanted, 
and a provisional colour added, which, for a blue-black ink, consists of 3 parts of phenol blue 
in 400 parts water+1 part phenol; this is added to 600 parts of the ink solution, the whole 
kept for a week in a loosely-covered flask, and then decanted. A black ink is given by 10.5 parts 
aniline green + 9 parts ponceau red R +1 part phenol blue 3F dissolved in water and added to the 
ink solution. 

Ink from Hydrolysed Tannin Solution.— 100 parts of tannin, 100 of water, 200 of ferric 
chloride solution (10 per cent, iron), and 10 parts of crude hydrochloric acid (sp. gr. 1.16), are 
heated for ten hours at 8o°-90° C. (in order to hydrolyse the gallotannic acid into gallic acid), then 
diluted with 700 parts of hot water, heated to 8o° C. for one hour, cooled, kept in a closed bottle 
for two weeks, filtered, and diluted to 1,000 parts. A provisional colour must be added, since the 
writing at first is barely susceptible, although it ultimately oxidises to deep black. The provisional 
colour may be the same as that in the preceding ink. 

Chemical Nature of Tannin Inks.— Schluttig and Neumann showed that 
benzene derivatives containing three or more hydroxyl derivatives in juxtaposition 
yield permanent inks with iron compounds. For instance, hydroquinone, C c H 4 (OH) 2 , 
does not yield an ink with iron salts, whilst gallic acid, gallotannic acid, and haemo- 
toxyline (the colouring principle of logwood), each of which contain three adjacent 
hydroxyls, all yield permanent inks with iron salts:— 

C 6 H 2 (OII) 3 (1:2:3) 

C 6 H 4 

C 6 H 2 (OH) 3 (1:2:3) 

Gallic acid. Gallotannic acid. Hxmatoxyline. 

The precise nature of the iron compounds which occur in tannin inks is unknown ; no doubt 
several individual bodies exist and contribute to the effect. The experiments of Pelouze, Wittslein, 
and Schiff point to the existence of the basic tannate (C 14 H 9 0 9 ) 3 Fe—Fe(C 14 II 9 0 9 ) 3 . Chemically, 
however, the whole subject is very obscure. 

Tannin Materials for Inks. —Tannins of various kinds occur widely dis¬ 
tributed in the vegetable kingdom, and consequently there exist a large number of 
vegetable products from which inks can be made. Among these may be mentioned : 
Galls, vegetable excrescences formed upon the branches, shoots, and leaves of trees 
by the puncture of the young tissues by the females of certain insects for the purpose 
of depositing eggs. Many varieties of galls occur, such as Oak Apple Galls, 
Aleppo Galls (Turkey or Levant Galls), Chinese Galls, Japanese Galls, 
Acorn Galls, etc. These contain from 40-70 per cent, of tannin, estimated as 
gallotannic acid. 

Other ink-making materials are: Chestnut Extract (from the wood or bark 
of chestnut tree), Sumach Divi-Diyi, Myrobalans, Valonia, Oak Bark, etc., 
all of which materials are rich enough in tannins to yield good inks. (See also under 
Leather Manufacture, p. 573). 

Tannins may be divided into “iron-blueing” and “iron-greening” according to the colour 
of the precipitate they form with iron salts. Only the iron-blueing tannins are suitable for the 
manufacture of black ink. Oak-bark tannin, although an iron-greening tannin, contains a substance 
giving a blue precipitate with iron salts and consequently can be used for ink manufacture. Tannins 
suitable for leather (see Leather Manufacture), are often unsuitable for inks. 

Statistics.— The amount of galls imported into Britain was 18,500 cwt. (value, £62,000) in 1906, 
and 15,600 cwt. (value, £37,000) in 1910. The amount of the other vegetable tannins is given under 
Leather. 

Logwood Inks. —Logwood extract (see Logwood, Natural Colouring 
Matters) is often added to iron gall inks, improving its colour without injuring 
its permanency. A common recipe is 3 parts of galls, 1 of ferrous sulphate, 1 of 
logwood, in 50 parts of water, with gum arabic in proportion of 1 part to 40 of ink. 

A copper logwood ink consists of logwood extract, 20 kilos, in 200 kilo, water, mixed with 
10 kilos, of ammonium alum previously dissolved in 20 kilos, of boiling water, 0.2 kilo, sulphuric 
acid, 1.5 kilos, copper sulphate in 20 1 . of water. A provisional colouring matter (indigo sulphonic 
acid, phenol blue, etc.) must be added. The copper destroys steel pens. 


C 6 H a 


(on (1) 

OH (2) 
OH (3) 
COOH 


CO 


X 5 H 2 (OH) 3 (1:2:3) 




O—C,H 2 (OH) 2 .COOH 
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Dieterich’s School Ink is a bichromate logwood ink, consisting of 200 parts of a 20 per cent, log¬ 
wood extract solution diluted to 500 c.c. and heated to 96° C. Then a solution of 2 parts of potassium 
bichromate, 50 of chrome alum, and 10 of oxalic acid dissolved in 150 of water are added drop by 
drop, the mixture maintained at 90° for thirty minutes, and then diluted to 1,000 parts, 1 part of 
phenol added, and the whole allowed to stand two to three days, decanted, and is then ready for use. 

Black Aniline Inks. —A black ink stylographic pen consists of a solution 
in water (1 part dye to 80 parts water) of the various brands of water-soluble 
nigrosines (the sodium salts of the sulphonated nigrosines, see Dyes, p. 475). Such 
solutions have no action on metallic pens, and dry well, but lack the permanency 
of a good iron gall ink. Induline blue (B) (p. 475) forms a similarly constituted 
blue ink. 

Coloured Writing Inks 

These are usually made from water-soluble aniline dyes such as the following, 
the proportions being 1 part dye to 50-80 parts of water. 

For Red Inks.—Eosin, erythrosin, ponceau scarlet, or cotton scarlet. 

For Green Inks.—Neptune green S.G., diamond green G. 

For Blue Inks.—Indigo carmine, or soluble blue T. 

A good blue ink (fast) is made by triturating 10 parts freshly precipitated Prussian blue, I part of 
oxalic acid, and adding water gradually. 

Violet.—Arid violet 4B.L. 

Yellow.—Fast yellow or tartrazin in water. 

Gold Ink. —Gold leaf, mixed with honey, is ground fine, washed, dried, and 
suspended in gum-arabic (i)-t*i of soluble potash glass dissolved in 4 of water. 
Substitutes for gold are Dutch leaf or bronze powder. Silver ink = powdered 
silver (or Aluminium foil) rubbed up with gum or the preceding medium. 

Essentials of a Good Writing Ink. — (1) The writing should be permanent 
(2) The ink should flow readily from the pen. (3) It must penetrate deeply into 
the fibres of the paper without passing right through. (4) It must not become 
mouldy or thick in the ink pots. (5) It must not extensively corrode metallic pens. 
(6) The writing must rapidly dry and should not be sticky—unless it is a copying ink. 

Copying and Hectographic Inks 

I. Writing Inks.— Ordinary iron-gall and logwood writing inks are rendered 
capable of giving one or two good copies in a press, or less readily in a rapid-roller 
copying machine, by the addition of glycerol, gum, sugar, glucose, etc., to a 
previously concentrated ink. 

Better results are obtained by using concentrated solutions of the water soluble 
aniline dyes with the addition of a small proportion of glycerol. 

Many of the copying inks on the market contain an excess of acids and gums or other thickening 
substances which are not only unnecessary but actually deleterious. 

Any of the basic dyes are suitable for the manufacture of copying inks, the proportion to be used 
varying with the strength of the dye and the number of copies required : e.g. , violet Inks—Methyl 
Violet 3B ; Crystal Violet [B] ; Methyl Violet O and III. extra N. Red Inks—Eosin, Diamond 
Magenta; Magenta Powder; Safranine T extra [B], Black Copying Ink—Diamond Green 
B and G [B] + Diamond Magenta + Chrysoidine. Also aniline black dissolved in alcohol and glycerol. 

Hectograph inks are merely concentrated copying inks. Occasionally it is 
desirable to add a small proportion of alcohol and a very slight excess of a weak 
acid to prevent thickening due to deposition of the dye. 

Typewriter Ribbon Inks. —The manufacture of typewriter ribbons has 
increased enormously in recent years. There are quite a number of firms who 
have placed on the market machines for cutting, inking and winding typewriter 
ribbons; whilst the manufacture and cutting into the required widths of the 
fabric is a separate branch of the industry. 

The firms selling inking machines also provide suitable grinding mills and 
formulae for manufacturing the inks. 

Typewriter ribbons may be divided into two classes:— 

(a) Record or Non-Copying.—The only really permanent ribbons are those inked with a 
composition having lamp or a similar carbon black as a basis. 

For use on a modern inking machine the lampblack, or in the case of coloured ribbons an 
aniline lake, is ground in a suitable mill with a non-drying oil, thickened if necessary with petroleum 
jelly. Occasionally a little volatile solvent such as petrol, carbon tetrachloride, etc., is used to 
facilitate absorption. 
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Oil*soluble .aniline colours may also be employed for the manufacture of one-colour record 
ribbons. 

(3) Copying 1 Ribbons. —Copying ribbons arc made in several varieties. 

Slow-copying, two-sided ribbons, for use wilh the old-fashioned screw press using damp rags; 
and one or two sided-rapid copying ribbons for use on machines such as tne Roneo Copier using 
rolls of prepared paper. 

The slow-copying ribbons contain a lake or colour and a small proportion of a water-soluble 
dye, whilst the rapid roller ribbons consist of a strong water-soluble dye ground in a non-drying oil. 

It is not necessary to add glycerol or indeed any other substance beyond the oil and dye. 

Testing Typewriter Ribbons. —A well-made typewriter ribbon should give fine sharp 
impressions, exhibit no tendency to fill the type and be cleanly in use and last a reasonable time 
without losing its writing or copying properties or wearing into holes. 

The general character of a ribbon can best be judged by an extended and careful test carried 
out on the machine for which the ribbon is intended. 

For purposes of comparison short definite lengths of the ribbons to be tested should be worked 
backwards and forwards through the typewriter a stated number of times and the results compared. 

If the letter “ c " is alone used for this test the type-filling property can also be judged. 

To test the life of a ribbon a special testing machine similar to that described in the United. 
States Bureau of Chemistry Bulletin No. 109 revised, p. 51, is necessary. 

Some idea of the life of a ribbon can be obtained, however, from the results obtained in the 
character and filling tests described above. 

In order to obtain concordant and comparable results, it is absolutely necessary that the tests 
should be carried out under exactly similar conditions. 

A good copying ribbon should give eight to twelve readable copies from one original. The 
copying test should preferably be carried out on a “Copier” in order to obtain comparative results. 

As a rule one-sided ribbons give neater work and are cleaner to handle than two sided ribbons 
and are absolutely non-filling, but the life is somewhat shorter than that of a two-sided ribbon. 
One-colour record ribbons are always two-sided. 

Record ribbons may be tested for resistance to sunlight and chemical reagents if necessary. 

As mentioned previously only black record ribbons are absolutely permanent, but for ordinary 
commercial use a good copying ribbon is generally preferred owing to the convenience of being able 
to obtain actual copies of the correspondence without using carbon paper. 

Unless actually exposed to sunlight or to the action of chemicals both the original and copies 
are sufficiently permanent for commercial office use.—F rank B. Gatehouse, £.C.S. 

Copying Ink Pencils axe made by making a paste of powdered graphite and 
kaolin clay with a very concentrated solution of methyl violet, pressing into sticks 
and drying. 

Manifold Copying Apparatus. —The block of Rosefeld's apparatus (English 
Patent No. 2,256, 1879) consists of gelatine, glycerol, molasses or sugar, acetic 
acid, iron oxide, and sodium bisulphite. The ink is aqueous methyl violet. 

The drawback of gelatine beds is that they become ultimately saturated with ink. 
Smith's apparatus (English Patent No. 7,149, 1888) obviates this, as ink is sponged 
or scraped off when used. The slab consists of china clay, starch, glycerol, 
and water. The ink is an aniline dye in water, alcohol, and hydrochloric acid. 
Similar pads consist of water (10), dextrine (1J), sugar (2), gelatine (15), glycerol (15), 
zinc oxide (2). Barium sulphate is sometimes used instead of zinc oxide, while the 
addition of soap makes the surface smooth and easily washable. 

Marking Inks 

(a) Natural Vegetable Inks." A number of plants give black marking inks. 
Among these we may mention the juice of Coriaria thymifolia, a plant occurring 
in New Granada and New Zealand (“ ink plant 

The fruit of the Indian tree, Anacardium oriental'e or Semecarpus anacardium— 
the “ marking nut ”—yields a juice which* when mixed with lime water or alkali marks 
linen an almost indelible black. Similar inks are prepared from the Cashew Nut 
(fruit of Anacardiaceae, A. occidental found in India, West Indies, tropical South 
America), the Rhus toxicodendron (North America), Rhus venenata (North America), 
and Rhus radicans. 

(b) Chemical Marking Inks—Silver Inks. —These' inks contain a silver 
salt—usually silver nitrate—the reduction of which within the fibres of the materia} 
leaves an insoluble*black deposit. 
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Thus Dieteriek's marking ink consists of 25 parts silver nitrate and 15 gum arabic in 60 
parts ammonia solution, to which are added 2 parts of lampblack or indigo. Tne ink must be used 
with a quill pen, and fixed by passing a hot iron over it. with 25 parts of gum it may be used with 
a rubber stamp. 

Aniline Black Marking Ink is obtained by mixing 2 parts aniline black, 
40 parts 95 per cent, alcohol, and 2 parts hydrochloric acid; add this to 3 parts 
shellac in 150 parts of the concentrated alcohol. Not very resistant to alkalis. 

Often a solution of india-rubber (in benzene or similar solvent) + aniline or other 
colours is used; e.g., for black, india-rubber 4- lampblack 4* solvent. 

FoertSCh’S Pencil for Glass is made by stirring Prussian blue into a melted 
mixture of 8 parts white wax and 2 parts tallow, and when nearly cold rolling into 
a pencil on a slab and covering with a paper case. 

Printing Inks 

These really are rapidly drying paints, consisting of pigments of various colours, 
thoroughly incorporated with varnish made of boiled linseed oil, rosin oil, or other 
u vehicles ” for paints. 

Black Printing Inks are made by mixing lampblack with varnish. The 
proportion and quality of the lampblack varies widely according to the purpose for 
which the ink is employed, ranging from 20-40 per cent., as shown by annexed 
table (Andes, “Oel und Buchdruckfarben,” 1889, p. 239), while occasionally a little 
blue pigment is added. 



Rotary 
Machine Ink. 

Newspaper 

Book Ink. 

Illustration Ink. 

Oil varnish 

Lampblack 

Paris blue 

Indigo - ! 

Per Cent. 

70-72 

30-28 

: : 

£4 

Per Cent. 

77-79 

23-21 


Per Cent. 

78 

19 

2 

I 


As regards Newspaper ink formerly (and still to some extent) rosin varnish 
was the vehicle used, made by the destructive distillation of rosin, separated from 
its water and spirit and from the residual pitch products. Recently heavy mineral 
oils have largely displaced the resin. Soap is also often added, the presence of 
soap causing the ink to “ lift ” well. These vehicles or varnishes are carefully 
ground with lamp-black, the varnish being made of varying consistencies according 
as whether the ink is required for slow or fast printing, cold or hot climates. In 
the inks used now there is a tendency to add blue or blue-black pigments to the 
lamp-black in order to obtain an intensification of colour and to overcome the 
brownish tendency which often develops owing to lightness of impression. The 
exact composition of these inks are carefully .guarded trade secrets, but some 
recipes have been published some of which are given below. In letterpress 
inks the black pigments used are of a more varied character, careful blending 
of several kinds being resorted to in order to allow the ink to flow at the proper 
rate for allowing the presses printing machines to run at their proper rate. In ink 
for illustrations the exclusive use of black pigments has now been departed 
from, delicate shades in ink being now used which greatly heightens the effects 
of the pictures shown. 

The following are some published recipes for printing inks;— 

1. To each gallon of Linseed oil varnish (prepared by heating the oil to 38o°-40o° F. in 
boilers provided with a closely-fitting lid) add 4 lbs. rosin and 1 lb. brown soap in slices. Mix 
in the proper weight of lampblack (about 30 per cent, of weight of vehicle) or other pigment. 
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grind and mix in special grinding machinery, between polished granite or steel rollers, then seal 
up in suitable receptacles, when the ink is ready for use. 

2. Brackenbusch’s mineral oil inks consist of 25 parts paraffin oil, 45 parts of rosin (colophony) 
and 15 parts of lampblack. For soft inks for high-speed work reduce the percentage of rosin. 

3. Fireman’s ink (U.S. Patent., 802,928) consists of manganese dioxide or oxides of iron 
pigments ground into varnish. The paper can be bleached and re-made into white paper, which 
cannot be done with lampblack inks. 

The following are some published “ vehicles *’ for inks:— 

Mineral Oil Vehicles. —Rosin, 1 part, dissolved in 1 part of mineral oil of sp. gr. 0.880 to 
0.920, previously heated to expel volatile components. 

Rosin Oil Vehicle.— Rosin, 50; rosin soap, 5, dissolved in rosin oil, 50; boiled linseed oil, 50; 
partly boiled linseed oil, 6. 

Linseed Oil Vehicle. —Boiled linseed oil, 100; partly boiled linseed oil, 6; rosin soap, 10; 
rosin, 50. 

Composition Vehicle.—(1) Olein (added hot), 4; soft soap, 10; thick turpentine, io # 
(2) White wax, 1 part mixed at ioo° C. with castor oil, 15, and Venice turpentine, 5. 

Coloured printing inks are obtained by adding pigments to the oil while 
it is being heated. 

Red —Vermilion, madder, Indian red, Venetian red, orange mineral, orange lead, burnt 
sienna, rose pink, rose red, red lead, are the colours most used. A bright red is got from pale 
vermilion + carmine. Also orange red and vermilion (very permanent). For Pink use carmine 
or crimson lake. Blue —Ultramarine, Prussian blue, Antwerp blue, Chinese blue, indigo. 
Indigo makes a good dark blue, but is difficult to lighten. Prussian blue dries quickly and 
hence requires the roller to be often cleaned. Chinese, Antwerp, and Prussian blues are difficult 
to grind and print greenish with thin varnish. Purple = red + blue pigments. Lilac = carmine + 
cobalt blue. Green —Mixtures of yellow and blue pigments, also chrome green, cobalt green, 
emerald green. Emerald Green= pale chrome + Chinese blue. Antwerp blued-yellowish varnish 
gives greenish tints. White—Heavy spar (barium sulphate); zinc white, lithophone, white lead. 
The latter darkens in air. Yellow —Chrome yellow, yellow ochre, gamboge. For bright tints 
use chrome yellow (lead chromates). For dull tints use yellow ochre. Brown— Burnt umber 
+ scarlet lake; burnt sienna alone or with scarlet lake. Avoid heavy colours. See Pigments, 
p. 497 ct seq . 

For Copperplate printing and lithographing thicker ink is used, which 
is mixed with a denser black than that used in ordinary printing. The varnishes, 
made with utmost care from linseed oil thickened by extremely high temperatures. 

Modern recipes not published. Old recipes are:—(1) wax, 18; shellac, 14; rosin, 7; tallow, 
10; soap, 18. Fuse and incorporate .6 of lampblack and 2 of rubber dissolved in 5 of oil of 
turpentine. (2) Shellac, 12 ; mastic, 8; turpentine, 1. Melt, and add 16 wax and 6 tallow, mix 
well and incorporate 4 of lampblack. For an autographic ink, melt white wax, 8; white soap, 
2.5 ; incorporate I of lampblack, heat strongly and mix in 2 of shellac. Ileat again. 

The author desires to thank Mr J. W. Barker, A.R.C.S., B.Sc. (H.M. Patent 
Office), for looking through the MS. of inks and giving me many suggestions. Also 
Mr Frank B. Gatehouse, of Messrs Roneo, Ltd., for supplying some details of 
hectographic and copying inks. 

Statistics. —The United States imported Ink and Ink powders to the value of $75,000 in 1906, 


tnd $44,000 in 1910. The figures for 1910 are :— 

Printers* ink $4,787. 

Writing and copying: ink - - - - 19,416. 

All other, including ink powders - - 20,162. 

The United States exported (principally to England, Canada, and Mexico) 

1906. 1910. 

Printers* ink • • $275,000. $326,000. 

All other • • • 174,000. 192,86s. 


The British import of printers’ ink in 1913 was /23,00a In 1907 Great Britain made £536,000 
of printers’ ink ana £69,000 of other inks (writing, endorsing, marking, etc.). 
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INDUSTRY 

By J. Newton Friend, D.Sc., Ph.D. 

LITERATURE 

For a more complete account of the pigments in common use the redder may be referred to 44 An 
Introduction to the Chemistry of Paints ” by J. Newton Friend (Longmans & Co., 1910). Also the 
following:— 

Zerr and Rubenkami*.—“A Treatise on Colour Manufacture.” Griffin & Co., 1908. 

Hurst.—“P ainters’ Colours, Oils, and Varnishes.” Griffin & Co., 1906. 

Eibnbr.— 44 Malmaterialkunde.” Berlin, 1909. 

Gentele.—“ Farbenfabriken.” Brunswick, 1906. 

Toch.— 44 Chemistry and Technology of Mixed Paints.” 1907. 

Church.— 44 Chemistry of Paints and Painting.” Seeley & Co., 1901. 

Wright.—“S imple Methods of Testing Painters’ Materials.” Scott, Greenwood, & Son, 

1903- 

Laurie.— 44 Materials of the Painters’ Craft.” Foulis, 1910. 

Jennings.—“P aint and Colour Mixing.” Spon Ltd., 1906. 

Holley.— 44 Lead and Zinc Pigments.” Chapman & Hall, 1909. 

PIGMENTS 

The Chemistry of Pigments is a study of supreme importance—a fact which 
painters and manufacturers have only recently begun to appreciate. In the present 
section the limitation of space prevents our doing anything like full justice to the 
subject, but an attempt is made to lay before the reader the main outlines in 
question; for further detail reference should be made to the works cited above. 

Pigments may be classified according to several different schemes. Thus, for 
example, the painter groups his pigments from the point of view of colour. The 
chemist, on the other hand, considers their chemical composition. Here, again, 
two methods are possible. We may group the pigments according to the chemical 
nature of their bases, or of their acid content. Neither system is perfect, but we 
shall adopt the former in these pages. 

Pigments Containing Lead 

White Lead.—One of the oldest and most important pigments belonging to 
this group is white lead or lead carbonate. It was known to the Romans and 
Greeks at the beginning of the Christian era, the pigment being obtained from the 
mineral cerussite, in which form lead carbonate occurs in nature. The modern 
painter, however, employs the artificial product only. Although numerous methods 
have been invented and patented for the manufacture of white lead, the best results 
are apparently yielded by the old Dutch Process , which we will therefore describe 
first 

Several thousand earthenware pots are about one-third filled with a 2-3 per cent, 
solution of acetic acid, and are built up into stacks* inside large sheds specially built 
for the purpose. The method of working is as follows: The floor of the shed is 
spread with spent tan, and upon this a layer of crucibles is set, and covered with 
perforated sheets of lead, known as “ blue lead.” Wooden boards are now laid on 
the top, and these in turn are covered with tan, carrying another layer of pots, and 
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so on, until the numerous layers have completely filled the sheds. The whole is 
now left alone for a period varying from three to four months, accordihg to circum¬ 
stances. During this time the tan ferments, and the heat thus liberated serves 
to vaporise the acetic acid in the pots. The leaden sheets are thereby converted 
by degrees into lead acetate, which in turn is decomposed by the water vapour and 
carbon dioxide (evolved from the decaying tan) yielding lead carbonate. On opening 
the stack the sheets are scraped, and after washing and crushing (which flattens out 
any unchanged blue lead, and renders it easy to separate) the pigment is ready for 
the market. 

According to Liebig the following successive changes take place :— 

1. l»b + 2CII3.COOH = Pb(CH s .COO) a + H a . 

2. 2Pb(CH„. COO).j + 2 H 2 0 = Pb(CH 3 .COO) 2 .Pb(OH) 2 + 2CH3COOH. 

Basic lead acetate. 

3. 3Pb(CH T COO) 2 .Pb(OH) a + 4 C 0 2 = 2(2PbC0 3 , Pb(OH) a ) + 6CH ? COOH. 

Basic lead acetate. White lead. Acetic acid. 

The acetic acid liberated then attacks more lead, thus repeating the cycle of operations. According 
to more recent views no hydrogen is evolved (see I), the acetic acid merely serving to dissolve lead 
hydroxide formed by the action of air and moisture on metallic lead, thus :— 

1. Pb -f II 2 0 + O = Pb(OH) a . 

2. Pb(OH) a + 2CH3.COOII = Pb(CH a .COO) a + 2H a O. 

The lead acetate then combines with the lead hydroxide, forming basic lead acetate :— 
Pb(CII 3 .COO) 2 -f 2Pb(OH) 2 = Pb(CH 3 .COO) 2 , 2Pb(OIT) 2 , 

Basic lead acetate. 

which is then decomposed by the C 0 2 , producing white lead according to the equation (3) above. 

The following processes for the manufacture of white lead are important:— 

The German or Chamber Process , said to be rapidly displacing the other processes, 
is carried out by suspending 6-20 tons of pure lead in the form of sheets or grids 
from the roof of a series of chambers provided with flues whereby the admission of 
air can be regulated. Vinegar vapour, evolved from pans which are placed below 
the chamber and in which dilute vinegar is heated, is led into the chamber, 
together with a carefully regulated supply of aqueous vapour, air, and carbon 
dioxide—the latter being produced by burning charcoal or coke in stoves—and the 
temperature of the chambers is maintained at 6o*-8o° C. for eight to ten weeks, 
when the lead plates are converted into white lead. The quality of the product is 
good, and stated to be equal to the best white lead prepared by the old Dutch 
method. 

In the Clichy or French Process , lead monoxide (litharge) is dissolved in 
vinegar to form basic acetate (1 molecule of acid dissolving 3 molecules of PbO), 
then C 0 2 is passed through the clear solution for about twelve hours; most of the 
lead is precipitated as carbonate, but jpart remains dissolved as neutral lead acetate. 
The precipitate of “white lead” is filtered off, more PbO is dissolved in the clear 
filtrate, C 0 2 again led in to precipitate it, and so on. The great advantage of thil 
method is its quickness. The'product, however, is variable in quality and inferior ta 
that of either of the processes mentioned above. 

Brown's Electrolytic Process .—A solution of sodium nitrate containing about 
1 lb. of the salt to the gallon is placed in a series of wooden cells, each of which is 
provided with a porous partition. A strong electric current is passed through the 
solution, a pig lead forming the anode in each cell, and a sheet of copper the 
cathode. Nitric acid is liberated at the anode, and attacking the lead forms lead 
nitrate, which passes into solution. Sodium hydroxide is formed at the cathode: it 
has no effect on the copper plate. The two solutions are drawn off separately and 
mixed in quantitative proportions, when they react to form lead hydroxide and sodium 
nitrate thus:— 

Pb(NO # ) a + 2NaOH = Pb(OH) a + 2NaNO,. 

The sodium nitrate is used again as a source of nitric acid and sodium hydroxide, 
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and the lead hydroxide is treated with a solution of sodium bicarbonate with the 
•formation of white lead and sodium hydroxide, thus:— 

3Pb(OH) 2 + 2 HNaC 0 3 = 2 PbC 0 8 , Pb(OH) a + 2NaOH + 2H g O. 

The white lead is separated from the sodium hydroxide and carbon dioxide 
passed through the latter, thus converting it into sodium bicarbonate for further use. 

This is an extremely rapid method of making white lead. The product is highly 
amorphous in character, and is said to be equal to the best white lead produced by 
the Dutch method. 

Properties of White Lead. —White lead mixes extremely well with oil, 
and possesses unusually good body, spreading power, and durability. There are, 
however, two serious drawbacks to its use, namely, the tendency to blacken in the 
presence of sulphur compounds, and its extremely poisonous nature. When worked 
in oil white lead loses, in the course of a few months, a little of its opacity, a 
peculiarity which is probably due to the oil combining with the pigment to form 
a translucent lead soap. 

White lead varies somewhat in composition and character. It should, however, 
have the composition 2PbC0 3 , Pb(OH) 2 —that of the best white lead produced by 
the Dutch method—and any departure from this leads to a loss of body if the 
Pb(OH) 2 be in excess, and to inability to form a proper emulsion with linseed oil 
if the PbC 0 8 be in excess. 

The cheaper grades of white lead are adulterated, often to a very large extent, and sometimes 
contain no lead carbonate at all. The most usual adulterant is barytes—barium sulphate—others 
commonly used are lead sulphate, china clay, and whiting—impure calcium carbonate—and sometimes 
strontium or barium carbonate, magnesite—magnesium carbonate—and zinc oxide, etc., may be 
Sound. 


Red Lead rivals even white lead in age and importance. It is found in nature 
as the mineral minium, but, as in the case of white lead, the modern painter uses 
the manufactured article only. 

This is prepared by heating metallic or “ blue ” lead in a current of air, whereby 
lead monoxide is formed. This is removed and ground, any particles of unoxidised 
metal being thereby flattened out, and thus easily removed by means of sieves. 
On further heating in excess of air for forty-eight hours the monoxide combines with 
more oxygen and yields triplumbic tetroxide (Pb 3 0 4 ), commonly known as red lead. 
These changes may be represented by the following equations:— 

6Pb + 3O0 = 6PbO 
6PbO + Q 2 “= 2 Pb 8 0 4 . 

In practice 100 lbs. of blue lead yield about 108 lbs. of red lead. 

Properties of Red Lead. —Red lead mixes readily with the drying oils and 
rapidly sets, and on this account is largely used by plumbers for packing and luting 
pipes, etc. Although very permanent and inert in all ordinary circumstances it is 
subject to the same defect as white lead, namely, that it blackens in the presence 
of sulphur or sulphur-containing bodies. It cannot, therefore, be safely mixed with 
such pigments as lithopone and ultramarine. Occasionally it is adulterated with 
Venetian red (Fe 2 0 8 ), the presence of which is easily detected in the following 
manner:— 

The pigment is subjected to prolonged warming with concentrated nitric acid 
If any insoluble residue remains, the presence of silica or sand is to be suspected. 
If the solution is yellow, the presence of iron may be inferred. Addition of excess 
of dilute sulphuric acid will cause the precipitation of white lead sulphate, the iron 
still remaining in solution. On Altering and adding to the Altrate a few drops of 
potassium ferrocyanide the presence of iron is betrayed by the immediate production 
of a deep blue colour—Prussian blue. 
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Lead sulphate forms the basis of a large number of pigments known variously 
as non-poisonous white lead, patent white lead, sublimed white lead, and 
the like. Although lead sulphate occurs in nature as the minerals anglesite 
and lanarkite, these latter are seldom used for the production of the pigment. 
Manufacturers prepare it by the addition of dilute sulphuric acid to the strong 
aqueous solution of lead acetate obtained by treating granulated lead with acetic acid 
Thus:— 

Pb(C a H 3 O a ) a + H 8 S 0 4 « PbS 0 4 + aH.CaHgO* 

The acetic acid thus liberated is used over again in the production of fresh lead 
acetate. The precipitated sulphate is allowed to settle, after which it is washed 
and dried. 

Although less poisonous than lead carbonate, lead sulphate has never been as 
great a favourite amongst painters because its body and spreading power are inferior. 
It is less sensitive to the action of sulphur than white lead, but it is not advisable 
to mix it with such pigments as ultramarine and lithopone for obvious reasons. 

A basic lead sulphate is being manufactured at Greenford under the name of 
Purex direct from galena or lead sulphide, by combustion in a current of air, 
whereby oxidation takes place. The resulting compound varies in composition 
between the limits 2PbS0 4 .Pb0, and 3PbS0 4 .Pb0. It is claimed to be practically 
non-poisonous (see The Decorator> 1911, 9, 251). 

Owing to the particular method of preparation—namely, production in the 
vapour state, and subsequent deposition as a solid without the intermediate 
formation of a liquid—the pigmentary particles are unusually fine, and thus admit 
of thorough admixture with oil in preparing paints. This results in the production 
of paint of exceptional spreading power, but somewhat lacking in body or opacity. 
In many cases this is not a matter of importance, but for those cases in which 
opacity is essential the manufacturers recommend a special brand of their Purex in 
which this objection has been overcome. 

Turner's yellow is an oxychloride of lead, and appears in the market under 
many names, such as Patent yellow, Cassel yellow, Verona yellow, 
Montpelier yellow, Mineral yellow, etc. It is usually prepared by mixing 
litharge to a thm paste with a solution of common salt, when the following reaction 
takes place:— 

PbO + 2NaCl + H 3 0 = PbCl 2 + 2NaOH. 

In about twenty-four hours’ time the reaction is fairly complete, the mixture becoming 
white in consequence of the lead chloride. It is dried, transferred to a crucible and 
heated to melting until the desired hue has developed. 

Turner's yellow possesses good body and mixes well with the drying oils. Of 
late years, however, it has decreased in popularity in consequence of the extensive 
rise of the chromes. 

Chrome yellow or lead chromate is prepared by the addition of potassium 
bichromate to solutions of lead acetate (see p. 559). Thus:— 

K*Cr 2 0 7 + 2Pb{CaH 8 0 8 ) a « 2K(C 2 H 3 O a ) + 2PbCr0 4 + iH.QHgO* 

Slight variations in the method of manufacture cause marked differences in the 
hue of the resulting product. Warming with an alkali converts it into the basic 
chromate, which is orange or red according to circumstances. It is then known 
as Orange chrome, Chrome red, Derby red, Chinese red, etc. All of 
these pigments, however, are subject to the general fault of lead compounds, in that 
they are rapidly discoloured in the presence of sulphur or of sulphur compounds. 

Pigments Containing Iron and Cobalt 

Some of our commonest and-most permanent and useful pigments are compounds 
of iron. 
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Ochre, Sienna, Umber.— These pigments consist of the hydrated oxide of 
iron, in the case of sienna and umber a little manganese being present in addition, 
which probably explains their darker colour. Umber was first found near the 
ancient Italian town of Ombna , now known as Spoleto, whence its name; the best 
umbers, however, hail from Cyprus but are known in the trade as Turkey umbers 
since they were originally shipped from Constantinople, their real source being at 
the time unknown. Sienna was likewise first found near an Italian town bearing 
the same name. Both ochres and umbers are found in this country—Cornwall, 
Derbyshire, and Oxfordshire—in Wales, Italy, France, Australia, and the New 
World. 

The methods of preparing these natural deposits for the use of the painter vary 
somewhat according to their source. The ochres are first ground if they are hard, 
but this process is omitted if they are soft. They are then levigated, or mixed with 
water and allowed to settle in large tanks. The coarser particles obviously fall to 
the bottom first, and if the supernatant liquid is poured off, and again allowed 
to settle, the sediment will this time be considerably finer. Repetition of this 
process for some four or five times will clearly yield a pigment of very varying 
grades of quality. It is usually found that the depth of colour of the ochre varies 
considerably according to the degree of fineness, the finest ochres being the palest. 
The sediment obtained in this way contains about 50 per cent, of water and is dried 
by the aid of gentle heat. If the temperature is allowed to rise too high the ochres 
develop a ruddy hue owing to their partial conversion into the anhydrous oxide, 
known as rouge or red oxide. 

Umber is frequently sent into the market direct from the mine without any 
treatment. It is then known as ordinary “raw umber.” If it is first levigated it 
is styled “powdered raw umber.” Sienna is not usually levigated, but it may be 
ground if necessary. These pigments are very inert from a chemical point of view, 
and are therefore characterised by their durability and permanence. Somewhat 
similar pigments to the above are Vandyke brown and Cappagh brown. 
The former received its name in honour of the great painter who is known to have 
been particularly attached to the liberal use of browns, whereas the latter is from 
the district in Cork, Ireland, where it is mined. Vandyke brown contains a fairly 
high percentage of organic matter, and is greatly prized on account of its trans¬ 
parency, which enables it to be painted over the surface of other pigments, producing 
beautiful tones. According to Church (< q.v ., p. 206) Cappagh brown contains 
approximately 27 per cent, of manganese oxide. 

Rouge. —Mention has already been made of the fact that, if the ochres are 
overheated during the drying process, they are converted more or less completely 
into rouge, the anhydrous oxide of iron, Fe a O s , owing to the expulsion of the 
combined water of hydration. This is one of the methods by which the various 
red iron oxide pigments are prepared. The ochre is heated in specially constructed 
furnaces for varying lengths of time or at different temperatures according to the 
particular depth of colour required. The resulting products are known variously 
as Indian red, Venetian red, Red oxide, Rouge, etc. In a similar manner 
sienna and umber yield Burnt sienna and Burnt umber. 

The anhydrous oxides of iron are also prepared by calcining ferrous sulphate 
or copperas, FeSO^HjO, obtained by the atmospheric oxidation of iron pyrites 
(FeS 2 ) in the presence of moisture and scrap iron. The changes taking place during 
the weathering may be represented as follows:— 

FeS a + Fe + 40 a + 14H2O = 2FeS0 4 .7H 2 0, 
and during calcination:— 

2 FeS 0 4 7 H 2 0 = Fe a 0 3 + i4H a O + S 0 2 4 * SO* 

A third method of preparing the anhydrous oxides of iron is afforded by the 
fact that in many manufacturing processes large quantities of iron salts are produced 
as waste products. From these the brown hydrated ferric oxide is precipitated by 
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the addition of alkali (soda, ammonia, or lime) and heated to redness In crucibles 
in a similar manner to the ochres. 

These red oxides are very valuable pigments, being characterised by their inert¬ 
ness and permanence. They do not mix so well with oil as red lead, neither do 
they act as driers. They are particularly valuable in the preparation of paints for 
the coating of iron work and the like. The Maori use a variety of rouge for 
decorative purposes under the name of Kokowai . 

Terre verte is a green earthy pigment found in the Mendip Hills, and in 
several other European countries. It consists essentially of silica and oxide of iron, 
small quantities of other oxides being usually present as well, together with from 
6-8 per cent, of water. 

Siderin yellow is a basic chromate of iron, and finds a limited application 
as a water colour. It is prepared by heating solutions of ferric chloride and potassium 
bichromate. 

Prussian blue (p. 559), known to the chemist as ferric ferrocyanide, 
Fe 4 (FeC 6 N 6 ) 8 , was discovered accidentally by Diesbach, a German colour manu¬ 
facturer, in 1710. It is characterised by its intense colour, a single pound of it suffic¬ 
ing to give a perceptible tinge to over 600 lbs. of white lead. It is prepared by adding 
potassium ferrocyanide (yellow prussiate of potash) to a ferrous salt which has been 
oxidised to the ferric condition with bleaching powder. Obtained in this way the pig¬ 
ment is known as Chinese blue. Commoner makes enter the market as Prussian 
blue, Berlin blue, Paste blue, etc., and ordinary alum is one of the ingredients 
used in their preparation. In manufacturing Antwerp blue both alum and zinc 
sulphate are employed. Brunswick blue is an admixture of Prussian blue with 
barytes and silica or some other insoluble white pigment. The great drawback to 
the use of this composition is the tendency exhibited by the heavy barytes to settle 
to the bottom, the blue remaining suspended in the supernatant oil. 

Prussian blue is unusually difficult to grind in a drying oil owing to a curious 
tendency to “ leather ” or “ liver,” that is, to set up to the consistency of leather. 
This difficulty is usually overcome by paint grinders by the use of special mixtures 
or blends of oil in which this peculiarity is shown to a minimum extent. Being 
insoluble in dilute mineral acids, Prussian blue is very permanent in certain acid 
atmospheres. Alkalis, however, readily decompose it, forming red ferric hydroxide. 
Warming with oxalic acid solution effects its solution, the resulting liquid being used 
extensively at one time as an ink. More recently, however, aniline dyes have tended 
to replace this older product. When used as a water paint, Prussian blue fades 
slowly on exposure to light, but the colour returns to its original intensity after 
prolonged darkness. Owing to its intense staining properties, Prussian blue is 
seldom used alone. Mixed with barytes and chrome yellow the so-called Chrome 
greens or New Brunswick greens are produced, which possess good body 
and colouring power, and work well both in oil and in water. When the chrome 
yellow in these pigments is replaced by zinc chrome, the so-called Zinc greens 
are produced. These are very popular on account of their relatively low cost and 
their brightness. An astonishing variety of hues, tints, and shades can be produced 
by suitably adjusting the proportions of their several constituents, which is a great 
advantage. Zinc greens are more apt to “ run ” or " blue ” than the chrome greens, 
and they possess a slightly inferior body. On the other hand they are more 
permanent, since zinc chromate itself is more stable than chrome yellow. 

Armour-scale Paints form a numerous and very variable class of grey paints. They all consist 
mainly of micaceous iron ore, generally admixed with the common red oxide of iron and gangue, and 
more or less graphite. There should t>e no rosin, rosin-oil, driers, or turpentine present. The 
colour of these paints is very variable, though it is generally some shade of grey. The specific 
gravity also varies considerably $ it is, however, higher than that of graphite or silica-graphite paints, 
and lower than that of most other paints. 
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Smalt is a potash glass containing oxide of cobalt instead of lime. It is pre¬ 
pared by mixing zaffre (the technical name for cobalt oxide) with powdered quartz 
and potassium carbonate, and subjecting to a white heat in clay crucibles. On 
throwing the fused mass into water, disintegration into small angular pieces takes 
place. These are ground, levigated, and dried. Although very permanent, the 
colouring power of smalt is weak. This defect, together with its cost, has decreased 
its popularity amongst painters of late years. 

Cobalt blue is prepared by heating to redness the precipitated oxides of cobalt 
and aluminium, and is used largely by water-colour artists. Its extreme permanence 
and resistance to the attacks of acids and alkalis have caused it to be used for 
superior decorative purposes. 

Cobalt green is similar to cobalt blue, zinc oxide taking the place of alumina. 
It is also known as Rinmann’s green and Zinc green, but its use is limited 
owing to its cost. 


Pigments Containing Copper 

With the exception of copper chromate, the copper pigments are possessed of a 
green or blue colour, and were for many years highly prized. They are not very 
permanent, however, and are all blackened by sulphuretted hydrogen, owing to the 
formation of black copper sulphide CuS, which renders their use subject to the same 
limitations as the lead pigments. Moreover, many of the pigments are blackened 
by heat owing to their decomposition to black copper oxide. 

One of the most interesting of the copper pigments is the basic acetate, popularly 
styled Verdigris, and which is manufactured in several ways. The old French 
method consists in exposing scrap copper to the action of grape skins discarded 
from the vineries. These skins, on fermenting, produce acetic acid which attacks 
the copper, converting it into the acetate. After two or three weeks sufficient 
verdigris has formed to be worth scraping off. The greenish blue colour of 
verdigris is familiar to all. In oil it is usually more permanent than in w T ater. 
When strongly heated, black copper oxide results, so that due care must be 
exercised in drying the pigment. It dissolves readily in dilute acids without 
effervescence. Should an evolution of gas occur, the presence of some carbonate 
impurity is to be suspected. If a white residue remains, barytes, silica, etc., are 
probably present. Should the residue be blue, the probability is that Prussian blue 
is present; confirmation is afforded if the mass becomes brown on addition of 
caustic soda (see Prussian blue, above). ♦ 

Lime blue is essentially a mixture of calcium sulphate and copper hydroxide, 
and is prepared by adding milk of lime to a solution of copper sulphate containing 
excess of ammonia. Some years ago, before ultramarine could be prepared in a 
cheap way artificially, lime blue was in great demand for frescoes and colour wash¬ 
ing. In common with all copper and lead pigments, however, it is discoloured by 
contact with sulphur, and may not, therefore, be mixed with such bodies as 
cadmium yellow, ultramarine, and the like. 

Scheele’s green is now antiquated, and rightly so, on account of its poisonous 
properties, being a compound of the oxides of copper and arsenic. Emerald 
green is an aceto-arsenite of copper, and may be prepared by mixing equal 
quantities of white arsenic and verdigris with water, and allowing to stand. Other 
names for this pigment are Paris green and Schweinfurth green. 

A basic carbonate of copper is found as the mineral malachite, CuCO s .Cu(HO) ? , 
in Cornwall, Yorkshire, and other parts of Great Britain. When finely ground it 
is used as a pigment under the names of Mineral or Mountain green. Azuritc 
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is another basic carbonate of copper to which the formula 2CuC0 8 .Cu(H0) 2 is 
usually given. This yields the Mountain blue of the painter. 

Bremen blue is an artificial product obtained by intimately mixing copper 
carbonate with an excess of copper hydroxide. Blue verditer is a basic carbonate 
of copper, prepared by mixing together solutions of copper sulphate and sodium 
carbonate. It is used by water-colour artists to a limited extent, but is not very 
permanent. The so-called “ Refiners’ Blue Verditer ” is just the same thing, but 
has been prepared from copper solutions obtained in the refining of silver and gold 
—hence its name. 

Old Brunswick green was, strictly speaking, a basic chloride of copper, now 
rarely manufactured. The term, however, is misleading, both Emerald green and 
Bremen blue being known by this name as well. 

Copper chromate is a brownish red pigment prepared by the action of 
potassium chromate upon a soluble copper salt. It is seldom used. 


Pigments Containing Aluminium 

Metallic aluminium, usually mixed with zinc, in the form of a fine powder is 
frequently used as a pigment for painting iron work, and widely divergent opinions 
are held as to its value. 

China clay or Kaolin is a silicate of aluminium to which the formula 
Al 2 0 s .2Si0 2 2H 2 0 is given, and is formed in nature by the weathering of felspar, 
itself a decomposition product of granite. It is found in Cornwall and receives 
extensive application in the manufacture of " china ”—whence its name.* It is used 
largely in distemper work, and owing to its cheapness is rarely adulterated. As an 
oil pigment it is a failure, since it loses much of its body when mixed with oil. 

The only other pigment belonging to this group is Ultramarine, which has 
for centuries enjoyed a world-wide reputation amongst painters. Originally it was 
obtained from the. rare mineral “ lapis lazuli,” the sapphire of the ancients, which 
is found in small quantities in Persia, China, Siberia, and South America. The 
price, however, was prohibitive, the pigment being listed at eighty shillings per ounce 
a century ago. At the present time ultramarine is manufactured in two ways, 
designated as the Direct and the Indirect methods* respectively. 

a. The Direct Method \—A finely ground mixture of— 


Kaolin 

- 


. 

. 

* 

• 

31.5 

Sodium carbonate - 

. 

. 

• 

. 

• 

• 

28 

Sulphur 

• 

• 

• 

• 

• 

. 

34*5 

Charcoal - 




• 



6 

100 


is heated for several hours at a bright red temperature. On cooling the burnt mass 
is removed, ground, and levigated. The finer qualities are used in different kinds 
of printing, the coarser being reserved for the painter. 

b. The Indirect Method is conducted in two stages, comprising calcination and 
“colouring.” The actual constituents of the mixture to be calcined depends upon 


* White potteir was imported from China before kaolin was known to occur in the British Isles, 
and was called “cnina” in consequence. When kaolin was discovered in Cornwall and was used 
for making similar white pottery it received the name China clay. 
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the nature of the product required. Thus, for sulphate ultramarine the following 
mixture is used: *— 


Kaolin 

Sodium sulphate 
Coal . 
Sodium carbonate 
Sulphur 
Rosin 


For soda ultramarine rich in silica 

Kaolin .... 

Silica .... 

Sodium carbonate - 
Sulphur - 

Coal . 

Rosin .... 


I. II. 

50 47 

4i.5 19-5 

8.5 8 

19.5 
6 


III. 

26 

57 

*8 

9 


100 100 ioc 


I. II. 

33 -o 33.3 

3-5 

36.5 30 

22.5 33-3 

4.5 1.3 

... 2 


For soda ultramarine poor in silica 

Kaolin - . 

Sodium carbonate - 
Coal - 

Sulphur 


100 100 


36.5 

36.5 


4-5 

22.5 

100 


One or other of these mixtures is heated for from seven to ten hours in a 
furnace, after which it is washed and ground as finely as possible to assist in the 
extraction of all the soluble matter. This product is known as Green ultra- 
marine, and is used by water-paint manufacturers, constituting Lime green. In 
order to convert this green product into blue ultramarine, it is heated again, this 
time with sulphur. On cooling and grinding the pigment is ready for the market. 

What the chemical changes may be which take place during these operations is 
very uncertain, and until they are understood better we can scarcely hope to discover 
a more satisfactory method of preparing the pigment. 

As a pigment ultramarine is fairly stable, particularly so in contact with alkali, 
and thus forms a marked contrast to Prussian blue. It is, therefore, used largely 
in the colouring of distempers, etc., for which Prussian blue is obviously unsuited. 
Acid soon attacks it, however, liberating sulphuretted hydrogen. For this reason, 
pigments containing lead or copper may not be safely mixed with ultramarine, as 
darkening is sure to occur. 


Pigments Containing Carbon 

Carbon is largely used as a pigment owing to its remarkable permanence and 
inertness. Carbon black or Charcoal black is made by heating wood in closed 
retorts to a high temperature, the resulting mass being ground and washed. Frank¬ 
furt or Drop black is prepared similarly from vine twigs, bones, ivory, etc. The 
ground carbonised product is mixed with glue water and sent into the market in the 
form of tears or drops—whence the name, “ drop ” black. Ivory black should be 
made only from ivory cuttings, but the pure pigment is rare, owing to the high cost 
of ivory. Animal black 1$ prepared by carbonising all kinds of animal matter 
(leather, horn, hoofs, skin, etc. eta), and its composition is in consequence subject 
to variation. In the preparation of Bone black, animal bones alone are supposed 
to be used. 


* See p. 78, “ Introduction to the Chemistry of Paints,” by J. Newton Friend (Longmans St Co., 
1910). 
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Lampblack contains the highest proportion of pure carbon, ana is a valued 
pigment. In order to prepare it heavy oils are heated in a pan, and afterwards 
ignited in a limited supply of air. The soot is collected in suitable chambers 
divided into series of compartments by partitions, and &t regular intervals workmen 
enter the chambers and scrape away the pigment. A yield of 30 per cent, is regarded 
as satisfactory. A variety of lampblack bound with size and containing small 
quantities of camnhor, musk, and possibly sepia, is known as Indian ink. The 
method of manufacture, however, is kept secret. 

A complete analysis of the carbon blacks would be very difficult to effect, and 
is seldom required. The free water is usually estimated by heating a portion of the 
pigment in a steam oven (or hot-air oven at no 0 C.) until constant in weight. The 
residue is ignited in a crucible until only a whitish ash remains, and the percentage 
of volatile carbonaceous matter and non-volatile ash calculated from the results. 
Such an analysis is sufficient for most purposes. 

Graphite paints are chiefly used for the protection of iron and steel structures. 
They are usually of a grey colour, but are sometimes toned up by red lead, iron 
oxide, or other highly coloured pigments, thus giving red, brown, or green shades. 
These paints may be divided into graphite, silica-graphite, and armour-scale paints. 

Graphite paints are generally made from naturally occurring graphite ores con¬ 
taining iron oxide, alumina, silica, etc., the percentage of graphite varying from about 
25-45 per cent. They are heated to expel the water which is always present to 
a small amount and then finely ground. They are then ready for use. 

An artificially prepared graphite has recently been introduced under the name of “Acheson 
graphite.” This is prepared by heating anthracite coal and sand for several hours in an electric 
furnace. The silica (sand) is first reduced to silicon, which then unites with excess carbon to form 
silicon carbide or carborundum. Thus :— 

Si 0 2 + 3C = SiC + 2CO. 

As the temperature is raised the silicon carbide dissociates, the silicon volatilising and leaving 
the carbon behind in the form of graphite. Thus :— 

SiC « Si + C. 

The advantage of this process is that the graphite obtained is exceptionally pure, since at the 
temperature of its formation all impurities volatilise. The product is broken up and graded. 
That used for the manufacture of paint is ground to an extremely fine powder, and air floated for 
collection. 

Graphite paints have a soft grey tint—when left of the original colour—and are of very low 
specific gravity. They are readily adulterated— especially by means of steatite—and are sometimes 
found to contain no graphite at all. 

Silica-graphite paints vary greatly in composition. They should consist of a mixture of graphite 
and silica, but are frequently adulterated with steatite, barytes, furnacc-slag, red lead, iron oxide, 
etc., in the same manner as graphite paints. These paints closely resemble graphite paints in colour 
and specific gravity. 


Pigments Containing Barium, Strontium, Calcium, and 

Magnesium 

One of the most important of these is Barium sulphate, known variously 
as barytes and permanent white. It is characterised by .its extreme insolu¬ 
bility in all the ordinary reagents, acids and alkalis having no effect upon it. It 
may easily be prepared by adding dilute sulphuric acid to solutions of any soluble 
barium salt. Barium sulphate occurs in nature as the mineral barytes or heavy 
spar. These are crushed and washed in the usual way. As iron compounds are 
not infrequently present, the crushed ore isusually treated with acid which dissolves 
out the iron, but leaves the barytes unattacked. Barytes possesses inferior body to 
white lead, but it mixes well with oil. A particle of the substance held on the end 
of a platinum wire, moistened with strong hydrochloric acid and introduced into the 
tip of a Bunsen flame, imparts to the latter a characteristic yellowish green hue. By 
means of this test the presence of barium salts may readily be detected. 
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Calcium sulphate is used as a pigment under the names of Terra alba, 
Mineral white, etc. As Gypsum it occurs in many parts of England, and this, 
when ground, yields a very durable and useful pigment. Mixed with hydrated 
aluminium oxide, the so-called Satin white is produced, which possesses superior 
body. Calcium salts impart a red colour to the Bunsen flame. Strontium 
sulphate is very similar to gypsum, and is occasionally used as a pigment under 
the name of Strontian white. 

Barium chromate, variously known as Barium chrome, Lemon chrome, 
and Yellow ultramarine, is prepared by acting upon a soluble barium salt with 
potassium chromate. Thus :— 

K 2 Cr 0 4 + BaCl a = 2KCI + BaCr 0 4 . 

Potassium bichromate cannot be used, otherwise the barium salt is kept in solution 
by the free acid, thus :— 

KaCrgO 7 + 2BaCl 2 + H 2 0 = 2KCI + 2BaCr0 4 + 2IICI. 

Barium chrome has a pale yellow colour, which is very permanent. It is not 
often used as a pigment, however, being too pale for most purposes, and lacking in 
body. 

Calcium carbonate is better known to the painter as Whiting, English 
white, Spanish white, and Paris white. It is seldom used as an oil colour, 
partly because it assumes a dirty grey shade, but principally because its lightness 
and porosity cause it to absorb so much oil that its opacity is almost lost. Mixed 
with linseed oil it yields putty. Gilders’ whiting is simply a superior quality of 
whiting. Magnesite, the carbonate of magnesium, is occasionally used as a 
pigment. 


Pigments Containing Zinc and Cadmium 

Zinc oxide is now being used by painters with increasing favour under the 
names of Zinc white and Chinese white. It is manufactured from metallic zinc, 
which is thrown into white-hot retorts made of fireclay. The vapours issuing from 
the mouth of the retorts are caught in a current of air and burn with a smoky flame, 
the fumes being collected in special chambers and used direct as a pigment. A 
similar method is in use for the preparation of zinc oxide direct from the ore without 
necessitating the isolation of metallic zinc, which is a costly process. It is stated 
that 85,000 tons of the pigment, containing over 98 per cent, of zinc oxide, are now 
being manufactured in the U.S.A. in this way. 

When of good quality, zinc white is very pure, fine, and easily worked. Being 
quite insoluble in oily water and turpentine, it is gradually replacing white lead for 
many purposes, for it is not so poisonous, and is permanent in the presence of fumes 
and pigments containing sulphur, in which circumstances white lead is rapidly 
discoloured. Owing to its cost, zinc oxide is liable to adulteration. Any impurities, 
however, are readily detected. The pigment is warmed with dilute sulphuric acid. 
If pure it should dissolve completely to a colourless solution without effervescence . 
This is perfectly characteristic. If effervescence occurs the presence of a carbonate 
is to be suspected. Should an insoluble residue be left, the presence of silica is to 
be inferred or some compound of barium, calcium, or lead, which was either 
present as the insoluble sulphate, or has been converted into such by the sulphuric 
acid added. 

Zinc chromate, Zinc chrome, or Citron yellow is prepared by precipita¬ 
tion from solutions of its soluble salts with potassium chromate. Thus:— 

ZnS 0 4 + K 2 Cr 0 4 = ZnCr 0 4 + K^SCV 

The solutions must be neutral, and potassium bichromate cannot be used for 
the same reason as in the preparation of barium chrome (f-v.). 
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Zinc chrome is used very largely in the manufacture of zinc greens (vide supra) 
Since zinc sulphide is white and not black, zinc chrome is not seriously discoloured 
by contact with pigments containing sulphur, and in this respect is superior to the 
corresponding lead chromate—chrome yellow (q.v.). It is frequently adulterated 
with lead chromate, the presence of which may readily be detected by the black 
colour produced on addition of water containing sulphuretted hydrogen. 

Zinc sulphide is rarely used as a pigment alone, but mixed with barium 
sulphate the well-known Lithophone or Lithopone is produced. This is used 
solely as an oil colour, and seems to be regarded with considerable favour by 
painters generally. Lithopone turns grey in sunlight, and so is unfitted for painting 
exteriors. 

Cadmium sulphide appears in the market as Cadmium yellow, and when 
pure is a most permanent pigment. It is not often adulterated. Admixed with 
white lead, the so-called “ brilliant yellow ” is produced. This combination is very 
unsatisfactory, however, for the white lead gradually discolours owing to the forma¬ 
tion of black lead sulphide. 

Pigments Containing Chromium and Manganese 

The only compound of chromium which it behoves us to consider in this section 
is the oxide Cr 2 O s known variously as Chrome green and Guignet’s green. 
Of these terms the latter is the better, as the former is frequently used for designating 
the greens produced by mixing lead chromate and Prussian blue (q.v.). Guignet’s 
green is usually prepared by fusing a mixture of boric acid and potassium bichromate. 
On cooling, the mass is washed and ground, yielding an extremely permanent and 
very beautiful pigment. 

Manganese dioxide occurs in nature as Pyrolusite, and is occasionally 
used as a black pigment under the name of Manganese black. Owing to its 
expense, relatively to the carbon blacks, and its powerful drying properties, its use 
as a pigment is greatly curtailed. 

Pigments Containing Arsenic and Antimony 

Arsenic sulphide or King’s yellow occurs free in nature as the mineral 
Orpiment, the “ auri pigmentum ” of the Romans—whence its name. Owing to 
its poisonous properties it is not now held in great favour. Antimony sulphide 
or Antimony vermilion is very similar in its properties, but these two pigments 
have been largely superseded by the chromes. 

Pigments Containing Mercury 

The only pigment belonging to this group that demands our attention is 
Vermilion or mercury sulphide, which has been regarded with great favour from 
very early times. The Egyptians are known to have used it 400 years b.c., and 
it was greatly prized by the Greeks and the Romans. In those times, however, 
the pigment was obtained by grinding the mineral cinnabar, which occurs in China, 
Japan, Austria, Spain, and the New World. At the present time, vermilion is 
prepared exclusively from the artificial product. 

One of the earliest methods of manufacturing vermilion is that known as the 
Dutch Process, and is effected in two stages. A mixture of merefiry and sulphur 
is gently heated in an iron pot, whereby combination gradually takes place, and 
black mercuric sulphide results. This mixture, which is known technically as 
“ethiops,” has now to be “coloured.” To this end it is thrown in small quantities 
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at a time into red-hot earthenware crucibles fitted with lids. After some thirty-six 
hours the crucibles are cooled, and the vermilion, which has sublimed to the lids 
and upper and cooler parts of the crucibles, is removed. 

The Idrian method consists in thoroughly mixing 20 parts of sulphur with 105 
parts of mercury in wooden barrels rotating some sixty times per minute for about 
three hours. The resulting mixture should not reveal any globules of mercury when 
examined with a lens. It is then charged into pear-shaped sublimation pots of 
cast iron, each of which holds 130 lbs., and is gently heated, whereby black mercury 
sulphide results. The temperature is now raised and the vermilion sublimes into 
receivers. It is ground in water, boiled with potash to remove any sulphur, washed, 
and finally dried at 70^-75* C. After sifting it is ready for the market. 

The Chinese process is very similar to this, and if the Chinese vermilion is 
superior to the European product it is probably because more care is taken by the 
patient Chinaman in carrying out the minor details of the process. 

Vermilion has a beautiful scarlet hue, which is probably the result of its crystal¬ 
line structure, for when mercury sulphide is first produced, either by precipitation 
with sulphuretted hydrogen from solutions of soluble mercury salts, or, as in the 
above case, by heating the mercury and sulphur together, it is always black and 
presumably amorphous. It would seem that vermilion exhibits a certain tendency 
to revert to its black amorphous form if exposed to the action of light, air, and 
moisture; so that as a water-colour pigment it is not very satisfactory. In oil, 
however, and particularly under varnish, vermilion is a very stable pigment in most 
cases. Owing to its unusual density (viz., 8.2) it is apt to settle out of paints, 
which latter must therefore be constantly stirred during application. 

When heated strongly vermilion completely volatilises and should leave less than 
1 per cent, of ash. Adulteration is often practised, red lead and rouge being added 
to it.' Their presence, however, can readily be detected both qualitatively and 
quantitatively by heating the vermilion to redness in a crucible and examining the 
ash left behind. 

Statistics.—The following figures show the amount of the English import and export of 
pigments:— 



Import, 1910. 

Export, 191a 

Cwt. 

Value. 



Painters’ colours and pigments: barytes 
„ „ „ nickel oxide 

„ „ „ white lead - 

,, „ „ zinc oxide • 

„ „ „ other sorts - 

Total of painters’ colours and pigments 

908,505 

17.297 

288,731 

304,183 

860,304 

34.639 

86,150 

240,372 

323,937 

786,167 

229,894 

23 

404,401 

38,221 

1,692,465 

£38.118 

*35 

401,897 

44.595 

2,208,460 

2,379,020 

£1,571,265 

2,365,004 

£2.693.305 


The United States imported in 1910 paints, pigments, and colours to the value of $1,915,000, 
The export in 1910 was:— 


Carbon black, gas black 
Zinc, oxide of - 
All other 


$680,000 

956,000 

3,090,000 


Total - - $4,726,000 


My thanks are due to Mr Dancaster, B.Sc., Chemist, Engineering Department 
of the L. & S.W. Railway, for particulars regarding some modem graphite paints, 
and for notes on certain recent processes of white lead manufacture. 
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LAKES* 

Lakes are compounds of inorganic bodies with organic colouring matter; and 
during the past few years increasing attention has been paid to their manufacture 
in consequence of the rapid progress made in the preparation of dyes from coal-tar 
products. Originally the organic dyes were obtained solely from natural sources, 
such as, for example, lac dye from the lac insect, cochineal from the Coccus cacti, 
alizarin or madder from the roots of the madder plant (Rubia tinctorum), and so on. 
Almost all of these colours are acidic in character, and yield lakes when neutralised 
or made to combine with those metallic oxides or hydroxides which are basic in 
character. On the other hand the artificial dyes prepared from coal-tar products 
vary so much from one another in their chemical behaviour that different methods 
have to be employed in manufacturing lakes from them as occasion requires. 

Lakes are usually poor driers, but they are characterised by their transparent 
nature, which makes it possible to use them in glazing or toning in a similar manner 
tx> Vandyke brown By mixing with some colourless (white) and opaque body 

such as barytes and gypsum the lakes are likewise rendered opaque v and thus 
resemble our ordinary pigments. 


A. Lakes from Natural Colours 

Lakes from natural colours may be readily obtained by simply mixing the dyes 
with basic metallic oxides or hydroxides in vats. The resulting products are both 
coloured and insoluble in water—two important qualities essential to pigments. 
From a theoretical point of view a true lake should resemble a true salt, in that 
it contains just sufficient of the base as will combine with the colouring matter and 
no more. In practice, however, it is customary to add excess of the base, with the 
result that the tint of the finished product is proportionately lighter. In this way 
a gradation of tints may be obtained. 

The most famous and important of the natural colour lakes is carmine, a 
compound of cochineal, lime, and alumina. The details of its manufacture are, 
however, kept a close secret. Carmine works satisfactorily both as an oil and a 
water colour, but fades on prolonged exposure to air and sunlight. During the 
preparation of carmine the metallic base does not effect the precipitation of all the 
cochineal, so the coloured liquors are mixed with alum, tin chloride, and potassium 
carbonate, the last named effecting the precipitation of the so-called Carmine lake. 
Crimson lake differs from carmine lake only in that it contains a higher 
percentage of alumina. Scarlet lakes are virtually crimson lakes tinted with 
vermilion. 

B. Lakes from Coal-Tar Colours 

These are rapidly superseding those obtained from natural sources, as has 
already been mentioned. For our present purpose we may divide the coal-tar dyes 
into three classes as follows:— 

i. Acid Colours.— This name is slightly misleading, for the acid colours are 
not necessarily of an acid character although su.ch happens to be the case with some 
of them. The name “acid” colour originates from the fact that it is usual to add 
some free acid to the colour vats when dyeing wool and silk. The dyes are 
precipitated from solution by metallic salts; barium chloride, lead acetate, and 
aluminium sulphate being the three commonly employed. 

Acid colour lakes may be used either as oil or water colours, and the results 
are very permanent. 


* For an account of the natural and artificial dyes now used by manufacturers for various 
purposes, the reader is referred to Sections XIII. and XIV. of this work, especially p. 443. 
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2. Basic Colours. —These yield precipitates with certain weak organic acids, 
rich as tannic acid and picric acid. These precipitates are definite chemical com¬ 
pounds when pure, but in practice the relative amounts of the constituents are 
varied in order to effect corresponding changes in hue. Unfortunately the organic 
acids present exert a marked retarding action upon the drying of the oil used as 
vehicle, so that these lakes arc not very suitable for oil paints. They are used as 
water colours, however, and good results are obtained by varnishing on top of such 
work. 

3. Mordant Dyes. —These dyes are generally colourless, but when combined 
with a “mordant” their colour is developed. The actual colour developed depends 
very largely upon the character of the mordant used. Thus, for example, alizarin 
yields a scarlet colour with tin, a bright red with alumina, but a violet with iron. 

The resulting lakes are usually very permanent. 

DISTEMPERS AND WATER PAINTS 

Distempers are made by diluting cheap pigments with water containing a 
little glue to serve as a binding agent. They are applied to plaster, stucco, brick, 
and stone. In dry buildings they are very permanent. As a rule whiting is used in 
this country and coloured with small quantities of ultramarine, indigo, and such¬ 
like pigments which are characterised by deep staining properties. Sometimes the 
whiting is mixed with cheap permanent pigments, such as ochre and rouge, or 
indeed entirely replaced by these if a deep colour is desired. The pigments are 
made into a mud with water and size is added until the whole is of the consistency 
of cream. Occasionally alum is introduced into the mixture, but this is not to be 
recommended if pigments are used for staining which are susceptible to the action 
of alum. In America, lime preparations under the name of “ Kalsomine ” are used 
in distemper. Owing to the alkaline nature of whiting such pigments as Prussian 
blue, chrome yellow, etc., may not be used to colour it. The most suitable 
pigments for this purpose are ochres, umbers, siennas, rouge, lime blue, and indigo. 
These, alone and in combination, will suffice to yield a fine array of hues, tints, 
and shades. 

The following table gives a list of foreign substances often added to distempers 

Result. 

Increased binding power. 

Slower drying. 

Deodorises and disinfects. 

Neutralises the alkalinity of the lime. Renders 
size more fluid. 

Renders size more fluid. 

Size hardened and rendered less easy to remove. 
Hinders undue absorption. 

Water paints are not the same as distempers, although the two names are 
often regarded as synonymous. Water paints contain oil which has been saponified 
by treatment with alkali, and therefore yield non-absorbent coatings. A drop of 
water splashed on to these may be wiped off without leaving any mark. A dis¬ 
tempered surface, however, would be temporarily darkened. Water paints are 
particularly suitable for walls, as they are porous and allow the bricks to “ breathe.” 
At the same time they are impervious to water and thus offer a good protection to 
the walls. 


to modify their properties : *— 

Substance Added. 

Turpentine 1 
Paraffin / 

Glycerin "j 
Sugar J- 
Treacle J 
Carbolic acid \ 
Chloride of lime / 

Vinegar 

Alum - 
Spirits of wine - 
Soap - 


* This table is taken from Friend's “ Introduction, etc.,” p. 148. 
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Whitewash and Colour wash are mixtures of lime and water, coloured 
in the latter case with cheap pigments. They are used in the interests of sanitation, 
rather than for decorative purposes. 

Casein Paints. —It has long been known that the addition of casein (milk)* 
to lime washes increases their durability, the reason being that casein combines with 
lime to form agglutinant compounds which become insoluble on exposure to air. 
Casein is now largely added to certain paints, usually-supplied in the form of powder 
by the manufacturer, containing casein and alkali in the dry state. When these 
paints are mixed with water the alkali is dissolved, and in turn dissolves the casein, 
which then reacts with the lime and colouring matters to form coloured cements. 
In casein plaints the cementing substances usually consist of casein (“curds”), 
quicklime, and water, but sometimes the casein colours are mixed with linseed oil 
varnish. The paints must be kept hermetically sealed in tins. Only mineral 
colours can be used. The paints are manufactured by adding 200 parts of casein 
with 40 parts of powdered quicklime, and the colouring matter is added until a 
thick paste is obtained, the mass being then finely ground in a colour mill. Casein 
paints give extremely stable colours with a matte surface and are very cheap. 


# See Industrial Casein, p. 79b 
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INDUSTRIAL FIBRES 
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See also under Bleaching 1 , Dyeing, etc. 


Two classes of fibres exist: (1) Vegetable, (2) Animal. 

'The former class consists essentially of cellulose (which see), while the latter 
consists of nitrogenous organic matter. 


Vegetable Fibres 

Cotton consists of thin, hair-like fibres enveloping the 
seeds contained in the capsule of the cotton plant, Gossypium. 
According to Royle and Kuhn four fundamental species exist, 
each comprising many varieties. The bulk of the cotton comes 
from the Southern States of the United States of America; per¬ 
haps the best cotton comes from Egypt ; cotton plantations also 
exist in various parts of Africa, East Indies, and other tropical or 
semi-tropical regions. 

The cotton filaments consist of long, thin cellulose cells 1-5 
cm. long and 0.04 mm. in diameter, forming flat, ribbon-like 
bands, twisted spirally and hollow internally. They may be 
likened to tubes which have collapsed in the interior, thus 
acquiring a dumb-bell-like section. This hollow twisted con¬ 
struction makes fabrics constructed of cotton both light and 
elastic. 

The cotton fibres when freshly separated in special machines 
from the cotton seed consist principally of cellulose (91 per 
cent.), but are surrounded by a thin cuticle, and contain about 
5 per cent, of non-cellulose constituents, such as resin, colouring 
matter, proteids, fats, etc., which are almost completely removed 
during the bleaching process. Commercial varieties contain 
about 8 per cent, of moisture. Dilute alkalis (under 10 per 



Fig. 199.—Cot¬ 
ton Fibres, 
Enlarged. 
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cent.) scarcely affect cotton fibres, but more concentrated alkali solutions “ mer¬ 
cerise ” them. (See Mercerisation, p. 205.) 

Both bleaching and mercerisation increase the affinity of the fibre for. colouring 
matter. 

Dilute acids in the cold also do not attack cotton fibres, but when warmed or 
evaporated to dryness with dilute acids the fibres fall to pieces owing to the 
formation of hydrocellulose (which see). Use is made of this fact in obtaining 
shoddy wool (p. 517). Wool, silk, and other animal fibres have a much greater 
attraction for dyestuffs than cotton. To remedy this, cotton is often “ animalised ” 
by treating with casein or other nitrogenous matter (e.g.> milk 4 * sodium stannate, 
then alum). Vignon and Cassella let CaCl 2 4-NH 3 act on cotton at 6o° C. 
Ammonia is absorbed, and the fibres can be dyed in an acid bath without a 
mordant. 

Prior to being wo\ en into fabrics cotton yarns are “ sized ” (to render them 
softer, more pliable, and adhesive) by dipping into flour paste, dextrine, gum, 
or other adhesive, and adding kaolin, BaSO*, etc. etc., as weighting agents. (See 
p. 561. See also Mercerisation, p. 205.) 

Linen consists of fibres of the inner bark or bast of the Flax 
plant, Linurn usitatissimum, largely cultivated in North Ireland, 
Belgium, and Russia. The plants are cut, freed from seed, and then, 
in order to separate the bast fibres from the ligneous portion, they 
are “retted,” />., allowed to ferment in stagnant water contained in 
tanks. The woody tissues rot and the fibres are separated from them 
by beating, shaking, and other mechanical treatment. The fibres thus 
obtained arc hollow, thick-called tubes possessing a smooth polished 
surface tapering to a point at the end; they are 20-120 cm. long and 
0.012-0.025 cm. broad. Linen fibres are stronger but not so elastic 
as cotton filaments; they are also better conductors of heat, thus ex¬ 
plaining the cold feel attached to linen goods. Linen behaves with 
chemicals very similar to cotton ; it is somewhat more inert to colouring 
matter and more easily disintegrated and injured by bleaching and 
oxidising agents than cotton; it contains 7-8 per cent, of moisture 

Hemp is a fibre similar to flax, and is prepared in the same way 
from the hemp plant, Cannabis sativa. It contains more woody tissue 
Fig. 199*. tha n flax. 

Linen Fibres, 

Enlarged. Jute is the bast fibre from several species of Corchorus (East 
Indies, India). The cut plants are 10-12 ft. in height and are made 
into fibre by retting. Jute consists principally of a compound of a tannic acid 
and cellulose which is called “bastose” and which is hydrolysed into its con¬ 
stituents by acids. Jute dyes with basic dyes much like wool. 

Ramie is the fibre of China grass, belonging to the Urticacea or nettle family. 

Cocoa-nut Fibre (Coir) consists of the fibrous layer covering the shell of the 
fruit of the cocoa-nut palm, Cocos nucifera, which is cultivated in most tropical lands. 
It is used for cordage, and as a filling and spinning material. 

Sisal Hemp or Agave Fibre is indigenous to Yucatan, and is largely grown 
in the Bahamas and in Florida. The leaves of the plant average 5-6 ft. in length, 
and are cut when four years old. 

New Zealand Hemp, or Phormium tenax y resembles Manila, but is inferior 
in strength and quality. 
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Manila Hemp is obtained from the leaves of a plant of the banana family, and 
is largely cultivated in the Philippine Islands, Borneo, and Java. 

Esparto is a grass, Stipa tcnacissima , growing in Spain, Algeria, and Northern 
Africa. Much used for paper making, etc. 

Istle or Tampico Fibre is made from a plant largely grown in Mexico, and 
used in very large quantities in the United States, 

Animal Fibres 

Wool consists of the cleansed fibres of the sheep. The fibres vary in length 
from 2-25 cm., the shorter fibred varieties being termed “short stapled,” “short 
wool,” or “noils,” and the longer ones, “long stapled,” “long wool,” or “tops.” 
Long wools are manufactured into worsted yarns, while short w'ools go to 
make woollen or carded yarns. Pulled wool is separated from the skins oi 
slaughtered sheep after a preliminary treatment with lime (w r hich makes them 
difficult to dye). The fibres consist of a number of individual cells 
closely cemented together and overlapping so as to form a cylindrical 
solid curly fibre, covered with horny scales, which make the fibre look 
rough and uneven under the microscope. 

The best and most expensive wool is given by the Merino sheep; 
wool is principally obtained from Australia, South America, and Africa; 
the crude w r ool as imported contains much sweat and fatty matter, which 
is extracted by washing, and gives the fat known as Lanoline (see pp. 53 
and 60). 

Wool consists of a substance called “ keratine,” w r hich contains nitro¬ 
gen (17.8-19.1 per cent.), sulphur (2.3-3.8 P er cent.), carbon (49.8-52 per 
cent.), hydrogen (6.9-7.2 P er cent.), and oxygen (20-21 per cent.). Boiling 
w^ater causes the fibres to shrink up and mat together; w^arm alkalis 
decompose it, dissolving it to form fatty acids, amino acids, ammonium 
compounds, and sulphuretted hydrogen; weak bases, however, like 
ammonia, neutral soaps, and dilute acids, do not attack wool to any 
great extent. Bleaching pow T der, however, unless very carefully used, y IG ti ^ 
is liable to damage the fibre. Wool 

Shoddy Wool. —This consists of wool fibres recovered from old Fibre, 
clothes and similar materials by a process known as “carbonisation.” 

The old cloth is soaked in a dilute solution of dilute HC 1 , A 1 C 1 3 , or e ‘ 
MgCl 2 , separated from excess of liquor by centrifuging, and then is heated 
to ioo°-i25° C. The cloth consists of a mixture of vegetable and animal fibres; 
when heated the cellulose forming the vegetable fibres is attacked by the acid, 
forming the brittle hydrocellulosc. On beating the cloth the vegetable fibres fall 
to dust and are thus easily separated from the interwoven woollen fibres which 
remain intact—w'ool not being very sensitive to acids. 

Among other industrially important fibres chemically similar to sheep w r ool but 
smoother and less curly may be mentioned: Alpaca from the South American 
goat, Auchenia paco; Vicuna from the small South American goat, Auchenia 
vicugna; Mohair or Angora from the Angora goat; Cashmere or Tibet wool 
from the Cashmere goat, Llama hair from the Auchenia Uama ; Camel hair, 
Cow hair, Horse hair, Goat hair, etc. 

Silk is the cocoon thread of the silk spinner, Bombyx tnort\ which is widely 
cultivated on mulberry trees in China, Japan, France, Italy, India, Asia Minor, etc. 
The spinning glands of the mulberry silkworm secrete two colourless liquids, which 
unite on issuing from the glands to form the yellowish double-thread known as silk. 
The worm winds the fibre around itself as an enveloping cocoon of length 400-1,300 




IND US TRIA L Cl l EM IS TR 1 ' 


5i8 

yds., before passing into the chrysalis or pupil state. The chrysalis is killed by 
dry heat, steam at 75 0 C., or by freezing, and the cocoons are then immersed in hot 
water to soften the silk glue known as sericin which forms the exterior layer of the 
filaments, and binds the strands together. The silk threads are then twisted on 
a reel to form the threads of raw Silk. Only 50-66 per cent, of the silk in the 
cocoon can be reeled. The waste parts of the cocoon yield (after boiling with soda 
solution, combing, and spinning) the so-called “floss 
silk,” which is made into spun silk* The waste from 
the spinning is sold as silk wadding. 

Raw silk fibre consists of about 66 per cent, fibroin, 
C ]5 H 23 N 5 0tf, forming the real silk substance, and the silk 
gum "or sericin, forming the exterior layers. To make 
the silk bright and lustrous the gum must be removed 
from the fibre by treating with hot, neutral soap solution, 
the strands being then washed with dilute sodium car¬ 
bonate solution. The soap baths containing the dissolved 
gum are called “boiled-off baths,” and are used in silk 
dyeing. Pegummed silk is called “Cuite”; it is very 
lustrous and soft, but has lost 20-30 per cent, of its 
original weight. The “ rustling ” property of silk is attained 
by further treatment of the cuite in an acid bath. If the 
degummed silk is not to be dyed dark it is “boiled white” 
by sewing into coarse sacks, boiling with soap solution for 
thirty minutes, washing with Na 2 C 0 8 solution and H 2 0 , 
.bleaching with or S 0 2 , and again washing. Silk 

Thread show- sTlX. substance-both the sericin and fibroin-is rapidly dis- 
ing Cement- solved by alkalis, zme chloride, and euprammomum; 

ing Envelope dilute acids do not attack it so readily. Silk is very hygro- 

and Section. scopic, containing on an average 11 per cent, of water, 

Kic. 199/.—Silk Fibres, and capable of absorbing nearly 30 per cent, without 
appearing damp. Consequently the estimation of the 
water is of great importance in the silk trade, and is carried out in “ conditioning ” 
apparatus. 

Stfveral varieties of Wild silks are known, the most used being Tussore 
silk or Tasar silk, spun by the Ant her(c a mylitta , of a bright brown colour, very 
durable, and having a fibre thicker than that of genuine silk. Many of the wild 
silks are very difficult to properly bleach and dye. 

For Artificial Silk see p. 219. 



Statistics. —The following figures show the enormous value of the import of textile fibres into 
the United Kingdom:— 
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The corresponding statistics for imports into the United States arc :— 



Imported in 1910. 

Value. 

Cotton (unmanufactured, waste and yarns) 

Tons. 

58.3°° 

$21,710,000 

Flax. 

12,761 

3,536,000 

Hemp. 

6,423 

1,040,000 

645,000 

Istle or tampico fibre. 

9,272 

Jute. 

68,15s 

3,728,000 

Manila. 

93.253 

10,517,000 

New Zealand flax . 

3.353 

363,000 

Sisal grass. 

99,966 

11,440,000 

1,148,000 

All other grass. 

12,248 

Coir yarn. 

2,720 

204,000 

Human hair. 

... 

2,848,000 

Horse hair. 

2,410 

2,107,000 

Other animal hair - * 

5.960 

1,065,000 

Wool, camel hair, goat hair (unmanufactured)* 

117,800 

51,220,000 

67,129,000 

Silk (cocoons, raw, waste) - 

10,470 


The United States exports were :— 



Exported in 1910. 

Value. 

Cotton (unmanufactured) .... 

Tons. 

1,431,600 

$450,447,000 

Hair. 

... 

1,143,000 

64,000 

Silk waste. 

1,200 
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PART II 

THE BLEACHING OF TEXTILE FIBRES 

LITERATURE 

Trotmann and Thorp. — M Bleaching and Finishing of Cotton.” London, 1911. 

Knecht, Rawson, and Loewenthal.— -“Manual of Dyeing.” Vols. I. and II. London, 
1910. 

J. HKR 2 FELD.—“Das Farben und Bleichen.” 3 vols. 1900-1910. 

A. Sansone. —“Dyeing and Calico Printing.” London, 1888, 1895, 1896. 

Textile fibres, either as yarn or woven into cloth, must undergo several preliminary 
operations before they can be passed on to the dyer and printer. By the process 
of " bleaching ” heterogeneous matter in the fibre is largely destroyed or removed so 
that the cloth dyes equally in all parts. 

Cotton is nearly alv\a>s bleached by chemicals, usually by treating with caustic 
soda and calcium hypochlorite (bleaching powder) or sodium hypochlorite (pre¬ 
pared by the electrolytic process) solution. The caustic soda attacks the lignin and 
saponifies fats, dissolves resins, etc., while the hypochlorite completes the process 
by its strong oxidising action :—HC 10 = HC 1 + O. 

The cotton goods are seu n together in special machines so as to make a roll 
about yds. wide and sometimes 50,000 yds. long, and are then usually made to 
undergo the following series of operations :— 

(1) Singeing ,—They are passed through a singeing machine (Fig. 200) in which a 
gas flame plays on the cloth whereby the finer projecting fibres are burnt off. If 



Fig. 200.—Gas Singeing Machine with Two Burners. 
(Mather & Platt, Manchester.) 
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allowed to remain on these line fibres would cause a smearing of the colours m 
printing 

(2) Steeping or Souring —From the singeing 100m the goods are drawn in lope 
form through a porcelain ring (“pots eye”), and are treated with ver> dilute H S0 4 
in a souring machine (F ig 201) 

This consists of a tank filled with the uul solution and pro\ided with wooden rollers , the hanks 
pass through porcelain rings (pot’s e>e) into the acid bath, thence coming out, arc squeezed fret from 
liquor in a roller, and then pass again into the liquor, and arc squeezed dry agtin, the piocess being 



Fig. 201 —Souring and Washing Machine. 
(Mather & Platt, Manchester ) 


repeated several times. After about twenty four hours the acid completely hydrolyses all starch 
used for sizing the cotton and at the same time dissolves mineral impurities. 

(3) The goods are then washed free from acid and mineral salts (“filling”) in 
another similar machine. (4) 1 he goods are next heated under pressure with dilute 
(3 per cent) caustic soda in the auto< lave—called a “ Keir ” (“bowking’) 

A diagram of Mather & Platt’s apparatus is shown (Figs. 202 and 203). The goods soaked in 
caustic soda solution are placed in a perforated truck and run into the horizontal boiler (which is 

37 
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capable of holding 1,2703,400 kg. of goods) and the door mechanically shut. By means of an 
injection apparatus and centrifugal pump boiling caustic soda is forced in at the bottom, and caused 
to continually circulate through the goods, the heating being carried up to 2J atmospheres for some 
hours, and being caused either by live steam coils placed in the bottom of the boiler, or by closed 
healing coils containing hot air or steam coming from an external source of heat. While one truck of 
goods is being treated the men are loading another truck externally, so that charging and lecharging 
the appaiatus takes little time. When the 3 per cent, caustic soda solution is pumped in at the 
bottom, all the air is driven out by steam. Unless all the atmospheric oxygen has been removed 
from the boiler the cloth may become rotten probably owing to the formation of oxycellulose. 
Vertical high pressure keirs are also used. Fig. 204 shows Farmer’s high pressure kier. 



Fig. 202.—Mather Patent Keir (Full View). 
(Mather iV Platt, Manchester.) 


The goods arc now almost white. After cooling they are (5) washed free from 
caustic soda, and then (6) bleached in large tanks with a dilute solution of bleaching 
powder (1 g. bleaching powder to 1,000 e.c. water). No acid is used, the goods being 
allowed to remain in the bleaching liquor for some time (“chemiding”). (7) Next 
the goods are washed, and the excess of chlorine and calcium salts removed by 
passing (8) through dilute acid followed by (9) a thorough washing. 

(10) The cloth is now dried by passing over a series of steam-heated hollow 
copper rollers; (11) again passed through singeing machines to remove fine projecting 
fibres; (12) well beaten, and {13) rolled up, whence it goes to the dyers or cloth 
printers. 
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The succession of operations is often varied widely according to the goods and the purpose for 
which they are intended. Thus pieces to be dyed dark colours require a different treatment to those 
intended for lighter shades or white finishes. 

Thus many firms work by the process of double boivking , viz., by boiling with lime first and soda 
or resin lye after, or by means of a strong caustic lye alone {single bowking). The souring and 
“ chemicing” (?.£., treating with bleaching chemicals) is done either in souring or “chcmic” 
cisterns arranged with circulating pumps, or by thoroughly impregnating or saturating the goods 
in souring or chemicing machines, and then letting them stand in heaps for some time. The latter 
method is simplest and is most widely used in England at the present time, whereas the former 
possesses the advantage of putting less strain on the goods. 

Many firms adopt the following series of operations : (i) Singeing, (2) liming and filling in lime 
keir, (3) bowking {i.e. t boiling in keir), (4) washing and souring, (5) washing and filling in soda 
keir, (6) bowking, (7) washing and chemicing (?.<?., treating with bleaching chemicals), (8) souring, 
washing, and squeezing off. 

The process of Mercerisation of cotton goods is described on p. 205. 



Fig. 203. —Mather Patent Kier (Section). 
(Mather & Platt, Manchester.) 


Bleaching* Of Wool. —Before subjecting to the bleaching chemicals all oil 
(used in spinning the wool) is carefully removed by washing with ammonium 
carbonate, soda, or soap: soft water must be used for the purpose. The wool is 
then bleached either by treating with a bisulphite solution or by exposing it moist 
to the fumes (S 0 2 ) of burning sulphur. For the latter purpose sulphur—about 8 per 
cent, of the weight of the wool to be treated—is burnt in closed chambers in which 
the wool is suspended. 

A very good white is obtained by bleaching with Hydrogen peroxide, H 2 0 2 ; 
a dilute solution is made weakly alkaline with ammonia and the wool immersed 
until white. (Hydrogen peroxide is also used for bleaching silk, ivory, hair, etc.). 
Sodium peroxide, Na 2 0 ^ has also been used. This thrown into water decomposes, 
yielding oxygen and caustic soda. The oxygen bleaches the wool, although much 
available oxygen escapes unutilised in the free state. Since the caustic soda produced 
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atta<ks the wool, magnesium sulphate (Glauber’s salt) is added to destroy its 
corrosive effect. 'I he sodium peroxide process is neither so easy nor certain as 
the hydrogen peroxide or sulphite process. 

Sometimes before the wool is finally passed on to the d>er and pnntei it is 
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Fig. 204.—Farmer’s High Pressure Kier, with Multitubular Heater and Pump. 
(Sir James Farmer & Sons Ltd., Manchester.) 


subjected to a very weak bleaching powder solution, mordanted with sodium 
stannate (“ Tin salt ”), and then treated with dilute sulphuric acid. Wool treated 
thus dyes very well. 

Silk Bleaching. —After “degumming ” (see Silk, p. 517) by warming with 
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neutral soap solution and then (if the silk has to be dyed a light shade) by “ white 
boiling ” (see p. 518), the silk may be directly transferred to the dye bath; the “ boiled- 
off baths” containing the silk gurfi dissolved in the soap solution used for de~ 
gumming are used in the dye baths. Occasionally silk is bleached with hydrogen 
peroxide or sulphur dioxide, and, indeed, wild silks must be bleached with 
hydrogen peroxide. Modem silks are strongly “ weighted ” with tin chloride, water- 
glass, and sodium phosphate, the weight being sometimes doubled thereby without 
injury to the lustre or dyeing power of the silk. However, such weighted silk is 
far less strong and durable than the pure silk; indeed it is scarcely better in these 
respects than artificial silk. When the silk is to be dyed a dark shade, such 
weighting and colouring agents as tannic acid and potassium ferrocyanide, iron 
sulphate, etc., may be used. 

Linen Bleaching. —This may be carried out by spreading the material on 
meadows in bright sunshine, keeping the material well sprinkled with water. The 
sunlight causes the formation of hydrogen peroxide, or ozone, which oxidises the 
lignin. As a result the linen acquires the snow-white colour so characteristic of it. 
This process is effective with the very finest yarns, given ample time. But the 
bleaching of the finest yams is accelerated and improved by one or two boilings in 
an alkaline bath during the process. 

Bleaching of Heavy Yarns. —The treatment of the heavier yarns, and especially the yarn spun 
from the shorter fibres (known as “tow” yarn), is almost entirely a chemical one, and for “ high” 
colours long and complicated. The flax fibres which are spun into the coarser counts consist of 
cellulose fibres, together with much extraneous matter, such as woody fibre, decayed cell, and 
colouring matter. There is also present resinous, waxy, and oily matter which act as a sort of 
natural varnish, and protect the conglomerate fibre from chemical and atmospheric influence. At 
the same time they are liable to decay, and so encourage certain ferments and mildews. The 
first process is to dissolve these by boiling in an alkaline solution. The next process is to attack 
the unwanted matter by the oxidising effects of a bleaching solution. A treatment with sulphuric 
acid follows. The way in which the acid acts is obscure, but it tends to destroy the woody matter, 
and probably has a chemical action on the cellulose. Many practical men, however, suppose it 
simply “kills” the bleach. A washing in water follows, and the process is repeated again do novo 
until the correct colour is obtained. In order to obtain a full white, a linen yarn may have to 
undergo the following twenty processes:— 

1. Boil in alkaline solution. 

2. “ Reel ” in bleaching solution. 

3. Sour with, sulphuric acid. 

4. Wash in running water. 

5. Boil in alkaline solution. 

6. Reel in bleach. 

7. Sour in sulphuric acid. 

8. Wash in running water. 

9. Boil in alkali solution. 

10. Expose to atmosphere on grass for seven days, turning after four days* exposure. 

11. Immerse in steep amongst bleaching solution for twelve hours. 

12. Sour with acid. 

13. Wash in running water. 

14. Boil in alkali solution. 

15. Expose to weather as in 10. 

16. Immerse in bleaching solution. 

17. Wash in running water (often this wash can be out). 

18. Sour in acid bath containing “ shading ” colour blue or violet). 

19. Wash thoroughly. 

2a Finish in soap bath (usually with mixed soaps, often with a considerable amount of 
ammonia soap). 

It takes four weeks to make a full white on linen yarn. The treatment is often stopped at 
fourteen, the boil being replaced by soap finish. This is known as three-quarter white, and is the 
most common bleach colour. 

From the above it will be seen that the object of the bleacher is to remove the extraneous matter 
without damaging the cellulose fibre. In doing this thoroughly, as much as 50 per cent, of the 
weight of an average “ tow ” yarn may be removed. The machinery required for linen bleaching is 
extensive and well developed, and the chemical treatment is the result of experience. 
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PART III 

WATERPROOFING AND MAKING NON-INFLAMMABLE 
OF TEXTILE FABRICS 

LITERATURE 

Mierzinski. —“The Waterproofing of Fabrics.” London, 1903. 

Andes.— “ Feuersicher-, Geruchlos-, und Wasserdirhtmachen.” Vienna, 1896. 

Eisknstein.— Allg Chem. - Ztg . , 1905, p. 507. 
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Several distinct methods of rendering fabrics waterproof are practised:— 

Waterproofing: with Aluminium Acetate.— The fabric is impregnated 
with a dilute solution, 5 0 Be., of aluminium acetate (which is often prepared by the 
waterproofer himself by treating alum or aluminium sulphate with calcium acetate 
or lead acetate), dried in hot air, and drawn through a 5 per cent, soap solution. 
Insoluble aluminium soaps are precipitated on the fibre and render the material 
waterproof:— 

Aluminium acetate 4 * Sodium soap - > Aluminium soap + Sodium acetate. 

A trace of undecomposed soap remains in the fabric; this, after drying, would give 
the fabric a soft slippery feel; it is therefore removed by passing the soaped fabric 
through a solution of alum or aluminium acetate, rinsing and drying. 

Impregnating the fabric with aluminium acetate and completely drying at a steam heat will render 
the fabric fairly waterproof owing to the formation of insoluble aluminium compounds in the fibre. 
Sometimes this alone is done ; sometimes the fabric is, after drying, passed through an alum solution 
in order to render the fabric more completely waterproof. India-rubber, paraffin, etc., is introduced 
into the soap solution (soap solutions form emulsions with fused waxes and paraffin, petroleum, 
rubber solutions, etc.). Japan or Carnaliba wax is often used. The rubber is dissolved in paraffin, 
linseed oil, and palm oil. 

The Badische Anilin- und Soda-Fabrik recommend the two following processes for waterproofing 
dyed cotton or linen material:— 

(l) Soak the dyed pieces in a solution of 5 lbs. soap in 100 gals, water, squeeze, pass through 
a solution of 10 lbs. alum in 100 gals, water ; squeeze and dry. Repeat whole process if necessary. 

(3) Prepare a soap emulsion by boiling together 6 lbs. white soap, 3 lbs. tallow, 3 lbs. stearine. 
Pass the dry pieces through the emulsion at 7o°-8s° F., squeeze, and pass through a cold solution of 
aluminium acetate of 5° Tw. Rinse lightly and dry hot. 

It should be noticed that by this method the interstices between the threads 
are not filled up, the fibres keeping the water back mechanically. In true water¬ 
proofing this should always be the case. 

According to German Patent 141,411, fabrics are waterproofed without destroying their porous 
nature by impregnating with aluminium acetate, drying, ana impregnating with lanoline or wool-fat 
dissolved in volatile solvent. 


Waterproofing with Paraffin.— The materials are passed through a dilute 
solution of paraffin, ceresine, or similar body, dissolved in light petroleum or other 
volatile solvent. The solution fills the cells of the fabric and the solid matter is 
left behind when the solvent evaporates. 

Sometimes the ceresine, paraffin, etc., is applied in a melting state by means of rotating a metallic 
roller in contact with the solid hydrocarbon, so that it carries away portions of it and puts them on 
the fabric, which passes between the roller and a heated trough; the latter fuses the hydrocarbons 
so that they are soaked up by the fabric as fast as they are fused. The goods are finally calendered. 
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Waterproofing with Gelatine, Tannin, Caseinate of Lime, Chrome 
Gelatine. —The materials are treated with glue or gelatine and afterwards with 
tannin or alum which renders the gelatine insoluble (see Gelatine). 

Cotton goods ore often treated with 1.5 kg. of gelatine in 50 1 . of boiling water containing 
1.5 kg. soap chips, 2.5 kg. alum. The cotton is put through the solution at 50 6 C., dried, and 
calendered. Cellulose materials are often waterproofed by impregnating with a solution of I part 
gelatine, 1 part glycerol, 1 part tannin in 12 parts water. 

Sails, carriage aprons, tarpaulins, etc., are often saturated with gelatine solution (7 per cent.) at 
40° C., air dried, {passed through a 4 per cent, alum solution, air dried, rinsed, dried. Sometimes 
the materials are impregnated with cnrome gelatine, which is rendered insoluble by exposing the 
material to light. A well-known recipe consists in dissolving 5 parts gelatine, 1 part potassium 
bichromate, and 1 part of acetic acid in 30-50 parts of water, adding 5 parts of cuprammonium 
(ammoniacal solution of copper oxide), brushing tne material on the fibre, and drying in air. 

Casein waterproofing is carried out by stirring it into a cream with water, and adding 2.5 per cent, 
its weight of slaked lime ; then dissolving casein in alkali solution, mixing the solutions, impregnating 
the fabric with the mixture, and passing it through aluminium acetate solution, which precipitates an 
insoluble aluminium caseinate. 

Waterproofing with Cuprammonium, Viscose, and other solvents for 
cellulose. The celebrated Willesden fabrics are made this way by cuprammonium. 
For details see under Cellulose, pp. 189, 213. 

Waterproofing with Solutions of Caoutchouc. — See under India- 
rubber, p. 360. 

Waterproof Oiled Fabrics are made by spreading over the material in 
several successive layers a paste consisting of half-raw and half-boiled linseed oil, 
mixed with mineral colouring matter. The material is dried between the successive 
applications. Siccatives, resin, petroleum, etc., are sometimes added. For Oil 

Cloth and Linoleum see p. 49. 

Tarpaulins are made by painting suitable fabrics with tar which has been heated to drive off the 
more volatile oils (but under 300° C., otherwise the tar becomes unsuitable). 

Manufacture of Non-Inflammable Fabrics.— Clothes and fabrics may be made almost 
uninflammable by soaking in a solution of alum, ammonium phosphate, borax, water-glass, and similar 
chemicals. Sodium tungstate has been used for making ball dresses non-inflammable; borax and 
alum, borax and magnesium sulphate, gypsum and ammonium sulphate are all good mixtures. Water- 
glass makes the material stiff. Ammonium phosphate leaves the material soft. A full account is 
given in Andes’ book, “ Feuersicher-, Geruchlos- und Wasserdichtmachen ” (above). 

W. H. Perkin’s method of permanently fir eptoofng cotton goods {e.g. , “non-flam.” flannelette) is 
this :—The flannelette is impregnated with a solution of sodium stannate of about 45 0 Tw., squeezed, 
dried on heating copper drums, passed through ammonium sulphate solution of 15 0 Tw. (in order 
to precipitate tin oxide), squeezed, dried, washed to remove Na2S0 4 , dried and finished in the 
usual manner. The treated material can be dyed the most delicate shades, has no poisonous action 
on the skin, and is stronger and more durable than the untreated material. The cost is not more 
than id. per yard with tin at £210 per ton. Muslin curtains can be treated similarly (see IV. It. 
Perkin> Eighth Int. Cong . Appl. Client. , New York, 1912). Also Patents—French Patent, 321,063 
of 1902 ; English Patents, 8,509, 1902 ; 24,222, 1903. 

Statistics.—England exported in 1910 waterproofed apparel to the va ue of ^499,000, and 
imported ^£7,000 worth. 

Analysis of Waterproof Fabrics. —The methods are fully discussed by Geoffrey Martin and 
James Wood in the foam. Soc . Chem. Ind., 1919, 38, 841, which see. 

Absolute waterproof articles are uncomfortable to wear because they are not permeable to air. 
Hence most of the so-called “waterproofs” are intended to admit air, and are permeable to water 
after some tipie. 

Drop Test. —Water is dropped from a burette at the rate of 20 drops per minute upon the cloth 
placed 5 ft. below. The cloth is placed on a sheet of white'blotting paper, which in turn is placed 
on a sheet of plate glass, placed at an angle of 45° C. above a glass mirror. After a time the drops 
of water pass through the cloth, and wet the blotting paper. The dark stain of moisture is 
immediately seen in the mirror below the glass plate. 

The British War Office require a cloth to stand 60 drops. 

For civilian use a cloth which stands 10-18 drops is good enough. 

Determination of Ash. —A weighed sample is ignited in a porcelain dish. 

Determination of Matter Soluble in 3 per cent , Hydrochloric Acid. —The fabric is treated with 
the acid for fifteen minutes. 
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Determination of Ether Extract is carried out in a Soxhlet apparatus. 

The weight of the fabric in ounces per yard is determined by weighing I sq, ft. 

The tensile strength of the material should be determined. 

The amount of wool , cotton , ami silk present is determined as follows:—The wool is separated 
from the cotton by boiling with 5 per cent, caustic potash solution for fifteen minutes; 4 per cent, is 
then added to the weight of the cotton residue. The difference between this figure and 100 per 
cent, represents the amount of wool present. 

Wool can be sej arated from silk by immersing the fabric in concentrated hydrochloric acid for 
three minutes at 50° C., when the silk dissolves. 

Linen is separated from silk by treating with an alkaline glycerol-copper solution, wherein the 
silk dissolves. 

Fabrics Proofed with Rubber.—In the case of fabrics proofed with india-rubber the War 
Office has distinct specifications as regards the composition of the proofing material. 

Thus the material for proofing coats with vulcanised india-rubber mixings must contain: mineral 
matter , not more than 41 per cent.; sulphur , not more than 3 per cent.; india-rubber , not less than 
56 per cent, on the average, and no single coat may contain less than 54 per cent. In the case of 
cyclists’ waterproof capes, however, a different composition may be used for the proofing. The 
mineral matter must not exceed 52 per cent.; sulphur , 3 per cent, (the free sulphur in this to be 
not more than l per cent.). The india-rubber must not be less than 45 per cent, on the average, 
and no single garment may contain less than 43 per cent. Civilian garments may consist of 
different qualities from these, which represent a very high class of waterproofing. 

Mineral Matter.—A part of the sample is ignited and the weight of the ash determined. Due 
corrections are made for oxidation to sulphates. When antimony, sulphide, and copper are present 
these should be estimated in the usual way. The mineral matter used for colouring the proofing 
of cyclists* capes usually consists of zinc oxide and litharge. Small additions of other ingredients 
as are generally recognised as having a beneficial influence are officially recognised. 

The presence of calcium carbonate and magnesium carbonate is often prohibited in War Office 
contracts. 

Sulphur is estimated in the usual way as barium sulphate, oxidation being generally effected 
by nitric acid and potassium chlorate. From a determination of the amount of antimony and other 
metals present as sulphide in the preliminary operation, a correction for the amount of sulphur 
combined with antimony and other metals can be made 

Free sulphur is the sulphur extractable by boiling acetone. The substance is extracted with 
boiling acetone for one hour, the acetone evaporated, the residue oxidised, and the amount of 
“free” sulphur determined as barium sulphate. 

The organic matter extracted by acetone is the difference between the total acetone extract 
and free sulphur. 

Alcoholic Potash Extract —The amount of organic matter dissolved by boiling the acetone- 
extracted sample with alcoholic potash is estimated as follows: The acetone-extracted rubber is 
dried and boiled for eight hours with a solution of alcoholic potash (56 g. KOH in 500 c.c. 
alcohol). The solution is poured into a dish, the rubber washed twice with alcohol, and boiled 
two or three times with water, the washings added, and the alcohol distilled off and recovered. 
The residue is evaporated, washed into a separating funnel, acidified with hydrochloric acid, and 
the fatty acids extracted with successive portions of ether. The ether is distilled off and the 
residue dried to constant weight in the water oven. 

The rubber residue left after boiling with alcoholic potash is washed free from potash by water, 
dried to constant weight in the water ovdn, and cooled in vacuo. The ash ana the sulphur in 
the dried residue are then estimated, and hence the weight of organic matter in the residue is 
calculated. This weight is deducted from the weight of organic matter in the residue after 
extraction with acetone (obtained by deduction of ash and combined sulphur), and from the 
difference the loss of organic matter by extraction with alcoholic potash per 100 ports of rubber is 
calculated. 

The india-rubber proofing should be free from grit and large sized particles. In the case of 
capes a 3-in. square of material should have at least 0.13 g. of proofing between the two fabrics. 
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INTRODUCTION 

The object of the dyer of textiles may be said to be to impart to them, by treat¬ 
ment with certain solutions, a uniform colour which should be as permanent as 
possible to solvents and other influences. The methods of obtaining this end are 
manifold, and it is not to be supposed that any one explanation will fully cover all 
the processes employed. Even where the operations carried out in various cases 
are apparently similar or identical, the theory underlying them may be entirely 
different. 

The simplest classification of dyestuffs is that, into those which are taken 
out of solution directly by the fibre, and into those which are produced chemically 
as insoluble substances during successive operations of dyeing. The former are 
usually termed “substantive,” the latter “adjective” dyes. Dyestuffs like indigo 
which are reproduced in the fibre in their original condition, during successive 
operations, are usually said to belong to the former class, although, according to the 
definition just given, they would more correctly be considered to be members of the 
latter. Another classification often employed is that into “direct” dyes, i.e. y 
practically the same as substantive dyes and “ mordant ” dyes, /.<?., such as can 
only be applied with the intervention of a mordant. Lastly, dyes are sometimes 
spoken of as “ monogenetic ” when they will yield only one colour whether applied 
directly or with the aid of different mordants, and as “ polygenetic ” when they will 
yield different colours according to the mordant employed. 

Substantive or Direct Dyes. —If a piece of silk, wool, and cotton be each 
boiled with the solution of a basic dye, such as Victoria blue or the acidified 
solution of an acid dye, such as acid magenta, it will be found that the silk and the 
wool have been dyed, whereas the cotton will probably only have acquired a slight 
stain which may be easily removed by washing. If the solution of the dyestuff be 
fairly dilute the animal fibre will remove all of it, leaving a colourless liquid behind. 
Again, when wool or silk is dyed with the hydrochloride of a basic dye, such as 
magenta (rosaniline hydrochloride), it has been shown by Knecht and Appleyard 
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that the whole of the hydrochloric acid is left in solution and the fibre is dyed /ed # 
in spite of the fact that the base which alone has been removed from solution is 
colourless. Indeed it was shown by Jacquemin as early as 1876 that when either 
wool or silk is boiled with a colourless solution of rosaniline base, it is dyed red. 
These facts all point to the conclusion that the dyeing of animal fibres with most 
of the basic dyes is a process of a more or less chemical nature, consisting of the 
combination of some substance contained in the fibre with the base of die dye. 
Experiments may also be adduced to show that the dyeing of animal fibres with 
fhe majority of acid dyestuffs is a similar process, a conclusion which need not 
surprise us, for we have every reason to believe that not only wool and silk, but also 
most of the substances which may be formed from them by chemical decomposition, 
"are of the nature of amido acids, *>., they have the properties both of acids and 
bases, and will, therefore, readily combine with dyestuffs having basic or acid 
properties. 

The following facts may further be adduced to confirm the conclusion that acid and basic dye¬ 
stuffs are usually held by the animal fibres in a very firm manner approaching that of chemical 
combination. It has been shown by Dreaper in numerous cases that, when held by the animal 
fibre, a dyestuff is much less readily acted upon chemically than when it is in combination with a 
vegetable fibre, such as cotton, or than when it is in the free state. Thus, the direct cotton dye 
pnmuhne was dyed on samples of silk and cotton and then diazotised. In the former case tne 
resulting compound was shown to be incapable of coupling with R salt, whereas in the lattei 
combination instantly took place just as if tne diazotised dye had been in the free state. Similarly, 
the acid dye methyl orange is not turned red so readily by acid when on silk as when in solution, 
which points to the conclusion that it forms an orange compound with the silk. Then again, it has 
been shown by Knecht that the laws which govern chemical combination are to some extent obeyed ; 
for when different acid colouring matters of similar composition were employed in the dyeing of 
wool m strong solution and under similar conditions, the quantities taken up by the fibre stood in 
the ratio of their molecular weights. 

The action on the fibre daring the process of dyeing of substances other than 
the dyestuff is probably of the very greatest importance. Thus it appears that two 
slightly soluble substances which have been named respectively lanuginic and sericinic 
acid are produced by the action of hot water or acid on wool or silk, and it is these 
substances which combine with the basic or acid colouring matters of the bath. 
In fact it has been shown by Knecht that if wool is first boiled with 5-10 per cent, 
sulphuric acid, and then thoroughly washed, it dyes fuller shades in the neutral bath 
of acid colours than would be obtained in the ordinary way even if acid were added. 
This experiment is of great interest, for it shows that what is actually dyed by 
chemical combination is probably not the whole of the fibre, but mainly a constituent 
produced from it by the action of water during the operation* of dyeing. Further¬ 
more it opens up the probability that the chemical process takes place largely in 
solution, a chemical compound of lanuginic or sericinic acid with the dye being first 
produced in the liquid, and then absorbed by the fibre by one of the processes of 
solid solution or colloidal precipitation discussed in the sequence. The fact that 
many dyes may be extracted from wool and silk by alcohol is sometimes adduced 
as an argument against chemical combination, but what is extracted in this case may 
very possibly usually be the chemical compound of the dyestuff with lanuginic or 
sericinic acid, and not the dyestuff itself. 

The dyeing of cotton is probably under all circumstances a process of a slighdy 
different order from that usually taking place with the animal fibres. During the 
last twenty-five years a large numoer of direct cotton dyes has become known. When 
cotton is treated with the solution of any one of these substances, it will extract a 
considerable amount of dyestuff from solution, and thus become dyed; the remaining 
liquid will, however, be found to be by no means colourless but to retain a very large 
proportion of the dyestuff. Again, if the dyed fibre be treated with pure water a 
considerable proportion of the dye will be extracted, and by repeating the operation 
almost the whole may be withdrawn. The process of dyeing in this case is thus 
seen to be a “reversible” one, and may fairly be compared with what takes place 
when the solution of a substance soluble in water such as benzoic acid is shaken 
with a liquid such as ether in which it is likewise soluble. The solution in ether 



DYEING 


533 

which is thus obtained may be compared with the dyed fibres; and the latter may 
be termed a “ solid solution ” of dyestuff in the cotton. 

The introduction of the idea of solid solution into the theory of dyeing is due to O. N. Witt, 
who, however, attempted primarily to apply it to animal fibres. A law which particularly 
characterises solution in contrast to chemical combination is that known as Nernst’s distribution law. 
In its application to the dyeing of fibres this law demands that if a series of expeiiments is carried 
out in which given weights of the same fibre are dyed in a given volume of the solution of the same 
dyestuff, containing, however, different quantities of the latter in each experiment, then after 

equilibrium has been established, the expression C*: C B n should have the same value in each 
experiment. In this expression C* indicates the amount of dyestuff taken up by t,he fibre, O s the 
amount left in the solution, and ft tne ratio of the molecular weight of the dyestuff in solution and on 
the fibre respectively. It has been shown particularly by v. Georgievics that this relation does, hold 
for the dyeing of cotton in many cases, and also in a few for the dyeing of wool and silk. It must 
be pointed out here, however, tnat a relation of similar form holds for the process of “adsorption ’’ ol 
colloids discussed in the sequence, and that experiments on distribution like those of v. Georgievics 
can, therefore, not distinguish between the phenomena of solution and adsorption. 

Adjective Dyes. —In all cases where the dyestuff is produced as an insoluble 
substance by the interaction of two soluble ones in the interior of the fibre, the 
processes of chemical combination with the fibre and solid solution in it may play 
a part, but in addition we have the possibility of the solid being trapped by the cell 
walls in a purely mechanical manner, and also that it may be held by them by the 
phenomenon of adhesion. It must be pointed out here that there are no doubt 
continual gradations possible between purely mechanical processes, the physical 
phenomena of adhesion, adsorption, and solid solution, and finally the process of 
chemical combination; and very probably all these gradations occur in one or 
another of the manifold operations which are carried out in dyeing. 

A physical phenomenon which no doubt plays an important part in many of the processes of 
dyeing is the formation of so-called “ adsorption ” compounds. This phenomenon, the importance 
of which in dyeing has been pointed out in particular by P. Zacharias, has recently led to a “colloid- 
compound ” or “ electrical ” theory of dyeing. 

A large number of substances of importance to the dyer, such as tannin, many dyestuffs, such as 
congo red, crystal violet (base), night blue base, etc., and the fibres themselves belong to the class 
of colloids. Many of these substances will dissolve in water, forming what are termed colloidal 
solutions, t.e.y solutions in which the dissolved particles are of a much larger order of magnitude 
than those of ordinary solutions, so that they will not diffuse through parchment and may usually 
be made visible by means of the ultramicroscope. These dissolved particles have been proved to 
bear electric charges, those of a basic nature acquiring a positive, those of an acid or neutral nature 
usually taking up a negative charge. It has also recently been shown by Gee and Harrison that all 
the fibres become negatively charged in contact with pure water, whereas in contact with acids they 
usually assume a positive charge. Now, if a colloidal solution containing positively charged particles 
is added to one in which negatively charged particles are present, these mutually attract each other 
and combine, to form what are called adsorption compounds. The latter are precipitated from 
solution, the electrical charges being neutralised at the same time. There can be little doubt that 
the u triple” compounds formed between tannin, metal oxides, and dyestuffs, on which the dyeing of 
basic dyes on cotton mainly depends, are largely due to colloidal combination, and this same 
phenomenon may probably play an important part in many other processes such as the fixation of 
metal oxides and other substances on the fibre. 


Water 

Most natural waters show an alkaline reaction, and for purposes of mordanting, 
dyeing with basic colours, and washing after dyeing should be carefully neutralised 
before use by a suitable acid. Sulphuric or acetic acid may be employed. The 
latter, though more expensive, is preferable, since a small excess accidentally added 
will usually not be harmful. When employing the former it may often be advan¬ 
tageous to add a small amount of sodium acetate in order to neutralise the free 
mineral acid. 

For dyeing with acid colours, it will usually be indifferent whether the water 
employed is originally alkaline or not, since enough acid is always added during the 
process of dyeing to make the bath strongly acid. For dyeing with direct cotton 
dyes and sulphur colours hard waters should be softened before use. 
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Water containing even small quantities of iron or other heavy metals is as a rule 
useless for dyeing and mordanting operations, since the iron will usually combine 
with the dye, thus acting as a mordant, and produce a dull or “ saddened " colour. 
The iron must, therefore, be got rid of by a process of softening. For use with acid 
dyes a very small amount of heavy metals will as a rule not be harmful. The pre¬ 
sence of lime in large quantity in a water must be taken into consideration, since 
it will act as a mordant, and may often produce undesirable results. In some cases, 
such as in the dyeing of turkey red, the presence of lime is desirable, since it acts 
as an additional mordant, and produces better shades than would be otherwise 
obtained. 



Appliances and Machinery 
used in Dyeing 

Preparation for Dyeing. 

— The material must be freed- 
completely from all fatty impuri¬ 
ties by the processes described 
in the chapters on bleaching 
befoie it comes into the dye 
bath, and this refers not only 
to such fats and waxes as are 
naturally present in the fibre, 
but also to those which are 
added artificially during the 
operations of spinning and 
weaving. Bleaching is usually 
only necessary when delicate or 
bright shades are to be dyed. 
Wool may be carbonised either 
before or after dyeing in order 
to remove vegetable impurities 
such as burrs, pieces of straw, 
etc. In almost all cases the 
fibre should be thoroughly 
wetted out before it comes in 
contact with the dyeing liquid. 

Dissolving the Colours. 

— All dyestuffs and pastes 
should be dissolved in con- 


Fig. 205.—Dye Vat and Winch for Tile Fabrics. densed water and preferably 
(Mather & I>latt, Manchester.) filtered through cotton cloth 

before they are added to the 
dye bath. Dye woods may be 
extracted in the dye vats at boiling temperature before entering the goods. For 
this purpose the chips are placed in bags and preferably extracted systematically, 
t.c. y the fresh chips should be employed to bring the bath completely up to strength, 
whereas the almost exhausted wood should be completely extracted in a bath con¬ 
taining fresh water. Special extractors, apart from the dye vats, are also frequently 
employed, and devices are also in use which may be fitted to the dye baths and in 
which the wood may be continuously extracted while the latter are in use. 

All dyeing machinery may be said to consist of an arrangement for either moving 
the goods through the more or less stationary dye liquor, or for causing the dye liquor 
to circulate through the stationary goods. In addition, an arrangement for heating 
the dye vat, usually either by steam pipes or by live steam, ns provided. At the 
present day the textile fibres are dyed in practically all stages of manufacture ; the 
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Flo. 206.—Double-Walled Copper Dye Vat. 
(Mather Platt, M iiichester ) 


d)emg of the finished cloth, or piece-d>cmg, however, still transcends m importance 
that of the other partially finished forms 

Dyeing of Piece-goods. —The simplest form of machine and the one most 
usually employed for woollen cloth consists of the dye vat and winch. 

1 lg 205 shows an arrangement of this kind in which a wooden d)c vat is cmplo>cd The pieces 
arc stitched together before dyeing and aie usually run as an endless band over the winch. The 



Fig. 207.—Dye Vat. (Mather & Platt, Manchester.) 
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*IG 208 a. 


I)>emg Jiggers (Mathtr ik Tlatt, Manchester.) 


latter may be turned by machinery or by hand The dye bath is usually heated by direct steam 
issuing from a performed pipe Fig. 206 '.hows a double walled copper vat which is htited by steam 
introduced between the two copper walls In this vat the steam does not mix with the dye liquor, 
and dilution of the latter is thus avoided during dyeing tig 207 illustrates a vat in which the pieces 
m rope form are drawn as an endless band in a spiral over the same winch a large number of times 
after remaining m the liquid for a short time Guide pegs prevent them from becoming cntmglcd 

The michine most frequently met with m the dyemg of cotton doth is the 
jigger In this machine the cloth in full width is passed through the dye liquor 
several times over guide rollers. 

In 1 ig 208 two of these rollers, a lf a,, art shown submerged m the liquid, and three, b x b , ire 
placed above In addition, two draw rollers, c Xi c and two batch rollers, d x and d l<t are visible ibove 
the vat The cloth is first run from < x to the roller being actuated duectly by the driving 
machinery, while the brake e is placed on q The cloth is thus kept m a state of tension. When 
all the cloth has been run on to c 2> the motion is reversed, c x being made the driving roller, and the 
brake being put on <> This alternate motion is continued until the piece has been djed the desired 

shade The pipes necessary for the 
supply of water and steam for 
heating are indicated m 1 ig. 12a. 

For indigo dyeing, pp 461 and 
554, vats are employed m which the 
cloth is run over a large senes of 
rollers completely submerged in the 
liquor. It then passes through 
squeezing rollers, and over a senes 
ot rollers placed in the air above 
the vat for the purpose of oxidising 
the leuco compound absorbed by 
the fibre. Another arrangement 
shown in I ig. 209 for the purpose of 
oxidising the leuco compound, con¬ 
sists m piling the cloth loosely on 
an endless travelling band. The 
dye vat must be supplied with a 
stirring arrangement G, which can 
_ be actuated at will when the vat is 

Fig. 209.—Indigo Dyeing Machine. being freshened up. Several vats 

{Mather & Platt, Manchester ) of increasing strength are usually 
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Fig. 2io.-~ Jiggers for Sulphur Blue. iZittauer Maschinenfabrik.) 


employed in series. For indigo dyeing “dipping vats” are also ficquently employed in which 
the cloth is mounted on frames that are lowered into the dye liquor, after which it is exposed to 
the air for oxidation. 

Fig. 210 shows an arrangement of two jiggers for use in the dyeing of sulphur blue. The first is 
intended for dyeing, the second for washing the cloth, and an air passage for oxidising the dye is 
provided between the two jigs (see p. 545), These jiggers are provided with squeezing rollers. 

Padding 1 Machines, machines for passing piece-goods through a concen¬ 
trated solution, differ in principle from jiggers in having much smaller dye vessels 
or troughs. They are provided with squeezing rollers. 

Machines similar in con¬ 
struction to the washing 
machine shown in Fig. 219 
may also be employed in the 
dyeing of cloth, and like 
principles may also be 
adopted in the design of 
machines for the dyeing of 
warps. 

Yarn Dyeing.— Yam 

is usually dyed by hand in 
the hank. For this purpose 
a rectangular vat, Fig. 211, is 
employed. It is fitted with 
the necessary pipes for filling 
and emptying, and a steam 
qoil, usually perforated, is 
provided for heating. A false 
38 



Vat for hank-dyeing 

Fig. si i. 








53 » 


L\ DUST RL1L CHEAT!S1R 1 



F k 212 II ink Dyeing Michine for Sulphur C olours 
(k Under \\ eld >n Dyeing M ichme Co ) 

bottom prevents the hanks fiom coming m contact with the litter 1 he h inks art 
suspended on square woodtn rods plated a< ross the vat, on each side of wine h stands 
i woiknnn One by one the rods full of >arn arc taken up, and to euh hank is 
gntn i quarter turn, so th it the exposed pait becomes submerged I his is c irric cl 
out b) mt uis of a thinner rod whi< h is inserted m the loop of the h inks immediate 1> 
be ne ith the suspt nding rod I he rods aie ananged in such a nianne r th it the n 
is alwa)s i sutheient space of about a foot available beside the rodful of h inks whit h 
is being turned 



Fig. 213 —Dyeing Machine for Loose Wool, etc. 
(Schirp.) 


JNumerous michmcs hive betn dt 
vistd in which the motion given t > the 
r )ds by hind is lmiUted meclumcall} 

I he plan 111 )st suitable f >r met h mini 
treatment seems t> le tht empl vment 
of a wheel >n which the hinks are sus 
pended bv me ms of two stnes of rods, 
one series fitted near the centre, the other 
on the ui cumterence of the wheel The 
latter pirtull) dips into the dye vat mil 
m turning slowly, alternately dips the 
hanks into the liquor and then lifts tin m 
out to dr un , at the same time the stu ks 
recent 1 rotary motion The whole 
whetl is idvantigeously enclosed m a 
case fitted with doors Fig 212 shows a 
machine of this kind constructed by the 
klaucler Weldon D>ttng Maehme ( o 
This in ichme may also be employed tor 
dyeing slubbmg (combed wool) m the 
hank 

The Dyeing 1 of Loose 
Fibre, Cops, etc. —Loose fibres 
may be dyed in suitable boilers m 
which they are turned by hand b> 
means of poles The material, 
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however, shows a considerable tendency to felt under these conditions, and 
mechanical appliances are, therefore, to be preferred. 

The K lander-Weld on Co. recommend a machine similar in appearance to the one described 
above for the dyeing of hanks. In it the material is placed in a perforated drum or wheel, which is 
divided into four sections or compartments and made to rotate inside a case in a similar manner to 
the wheel referred to above. In doing so, it alternately dips the fibres into the dye liquor and lifts 
them out to drain. The plan adopted by nearly all designers of dyeing machines for loose fibres, 
however, consists in placing the material in a perforated vessel or cage and forcing the dye liquor 
through it by means of a circulating pump, or by some other means. In many machines the direc¬ 
tion of circulation can be reversed ai will in order to ensure perfect uniformity of penetration. As 
a rule cotton is packed more tightly than wool, and a greater pressure of the circulating liquor is 
therefore necessary. Fig. 213 illustrates a simple machine for the dyeing of loose wool, etc. The 
material to be dyed is placed in one of the tubs b or r, of which one may be charged while dyeing 
is proceeding in the other. These tubs are fitted with a false bottom. The dye liquor is made up 
and kept continually heated in the tub a placed below b and c. The inteiioi of the tub a is provided 
with a cataract pump which delivers large volumes of liquor through the pipe tt and the movable 



Fig. 214. —Dyeing Machine for Loose Fibres (Obermaier Type). 
(Dehail re.) 


connecting piece y. The latter may he turned so as to deliver on the top of the material contained 
in either of the dye vats b or c. This liquid then runs back again to the tub a through pipes fitted 
to the bottom of b and c, thus producing continual circulation. The goods are covered by a sieve 
and a spreader for the dye liquor, and the vats a and b are kept covered during use. This same 
apparatus may he provided with pipes to allow circulation of the liquid to proceed alternately from 
afxive and below. 

A machine very frequently employed for the djeing of loose cotton and wool is the Obermaier 
apjiaratus. In machines of this type (Fig. 214) the material is placed in a perforated drum, with 
a central perforated tube. This drum is fitted inside the dye tank proper, and can be removed at 
will for charging. Circulation of the liquor is produced by means of a centrifugal pump in the 
direction shown by the arrows. 

Fig. 215 shows a machine charged with cops u and cross-wound bobbins v, which is also constructed 
in a slightly different manner for the dyeing of loose fibre. Like the Obermaier apparatus it consists, 
in the latter case, of a movable drum 1 for holding the material through which dye liquor is forced 
by means of the pump G. The drum is placed in the dye vat B which has a detachable front. In 
this apparatus the shell of the drum is not perforated, but it is divided into three compartments by 
perforated walls. The central compartment serves for distributing the liquor, the outer two for 
holding the fibre. The pump is double-acting, so that the direction of circulation can be reversed 
at will. 
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Fig. 215. —Dyting Machines for Cops, Cheeses, etc. 
(Schirp.) 


Cops and cross-wound bobbins may lie dyed by the “ packing” system in machines similar to 
thost used for loose cotton. In this ci.se solid wooden skewers must be inserted to prevent them 
from collapsing, and all spaces must be very evenly packed by means of some packing matcin.1 such 
as loose cotton, etc A method that leads to satisfactory results much more easily is the hollow 
perforated skewer system. In this s\stem each cop or cross wound bobbin is placed on a perforated 
paper tube on a perforated spindle or skewer, and the dye liquor is forced or sucked through the 



Fig. 216.—Dyeing Machine for Cops, Cross-wound Bobbins, Loose Fibres, etc. 

(Pormtx.) 
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cop either directly by means of 
a pump, or else compressed air 
or vacuum or steam is employed 
for this purpose. Fig. 216 illus¬ 
trates a machine of this type in 
which the cops or cross-wound 
bobbins are mounted on cylin¬ 
ders. In the machine already 
described, Fig. 215, they are 
inserted between two perforated 
metal plates, and Fig. 217 illus¬ 
trates a cop-dyeing machine in 
which the cops are mounted on 
a square perforated plate. 

Washing. — After 
dyeing, the goods must in 
nearly all cases be washed 
in water. Machines of 
similar or of identical con¬ 
struction to those used in 
dyeing may usually he em¬ 
ployed. In all those cases 
already described in whit'll 
the liquor is circulated by 
means of a pump, the dye 
liquor is usually simply 
withdrawn from the vat 
without removal of the 
goods and replaced by 
water. Most of the wash¬ 
ing machines described in * IG * 2 *7«yCop-Dyeing Machine, 

the chapter on bleaching (Whitehead & Poole.) 

may also be employed by 

the dyer. In the washing of cotton piece-goods it is often desired to cause the 
scouring liquor to impinge with considerable force against the cloth. For this 
purpose so-called beaters may be employed. These may be described as scoops 
which rotate rapidly on the surface of the liquor and throw it with considerable 
force against the cloth. Fig. 218 illustrates the action of such beaters, and Fig. 219 
shows a washing machine fitted with beaters. In this figure a vertical drying 
machine is also shown on the right. It will be seen that the calico passes through 

various tanks over guide rollers alternately 
placed in and above the liquid. Squeezing 
rollers are provided. 

Drying. —The process of drying may be 
said to consist of two operations, firstly, the 
removal of as much water as possible by 
mechanical processes, and secondly, the eva¬ 
poration of the remaining moisture. The 
former operation may be carried out by 
squeezing or wringing. A more thorough 
method for the mechanical removal of liquid, 
however, consists in throwing off the drops by 
centrifugal force. For this purpose so-called 
hydro-extractors are employed. These are 
machines which consist essentially of a per¬ 
forated metal cage for holding the goods, 
Fig. 218.— Beaters. * which can be rotated very rapidly around a 

(Farmer.) vertical axis by an electric motor or otherwise 
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Fig. 219. —Washing Machine and Vertical Drying Machine. (Farmer.) 
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(see Figs. 220, 64, 65) The 
liquid is collected in a casing 
which usually forms part of the 
framework of the machine 

hor the final di)ing of the 
films by evaporation, artificial 
heat is usually applied, although 
dr) mg at ordinary tempe r.iturc is 
sometimes carried out 

Loom fabits ire usuill) clued in i 
mic lime consisting essentully of ichun 
ber through wluc h tilt fibres ti xvel c n an 
endless band, meeting a counteieuuent 
< f lie t air during their passage 

\ u n is usudly dried b) suspending 
the hanks on poles 01 movable fumes m 
speeiill) constituted ch\ingc vcnsthiough 
winch i slow current of hot nr is pisseei 
( >ps ind cross wound bobl ms mi\ be 
clued in a snnil u mannu, r else the 
suctiui diving svsttm miv be emph\cd 
pit tic ul ill) in conjunctiin with the 
111 u hint shown in 1 ig 217 1 lu cops 

ue left on the cylinders which 11 e put 
in specul maclnnes in which h it an c m 
be drawn througli the cops 

( loth is usual!) dried b) pissing it 
fice upw irds over steimhcitccl jollers 
(set I ig 219) I he final drying is ha 
cjucntl) cained out m stenteung machines 
(1 ig 221) In these the cloth which 



1 ic . 220 —TT)dro Txtrartor 
(Dehutic ) 


Ins shrunk slighth in the proeesses of 

dvcing is brought hick to its onginil width h) stretching slgjitlv I 1 this puipcse the m 1st 
cl th is passed between two moving endless clnins which gnj» it at the selvedge s hv me ms >f clips 
Ihese chains are not pmllel hut diverge sitghll) so that the cloth is stietchid during its passige 
between them At the same time it is dried b) hot ur dnwn nei ste un pipes 
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Before leaving the subject of dyeing machinery, a brief leference must be made to 
the agers emplo>ed particularly in the development of aniline black, pp. 480, 556 
(and also for the fixation of printed colours). These consist of chambers containing 
a hot atmosphere heavily charged with steam m which the cotton cloth can be 
hung or through which it can be passed continuously over rollers. Fig. 222 
illustrates a rapid ager for aniline black. It is fitted wnth heating coils and a 
perforated pipe for the supply of steam. The roof and the guide rollers near the 
common inlet and exit of the cloth are heated by steam to prevent the formation 
of drops of water w r hich w r ould soil the goods. 


Direct Dyes 

The simplest d) es, from the dyer’s point of view, are those which are taken up 
directly from their solutions by the fibre. 

Direct Cotton Dyes. —During the last three decades a large number of 
direc t cotton dyes have been put on the market. The dyes of this c lass appear 
to belong to a few r well-defined groups of chemical compounds. We have firstly 
the congo-red group, the members of which (ontain the tetra/o grouping of atoms 



Fig. 222.—Rapid Ager. (Mather & Platt.) 


_n==n_ 

__; secondly, the primuhne group, which appear to liave the radicle 

“< X —in common; and thirdly, various dyes, w'hich may be classed as dt - 
X N 

$tilbene~azo-dyes . Most of these dyes are also taken up by wool and silk, but 
a few, notably members of the last-named group, hardly dye the animal firbes at 
all. The direct cotton dyes arc thus of partu ularly great importance for the dyeing 
of union goods, satins, etc. 

The fact that these substances aie not taken out of the dye-bath with the same 
degree of avidity as direct dyes for w r ool and silk, and that the process of absorption 
is of a more or less reversible nature, has already been referred to in the Introduction. 
On account of these circumstances they eminently show the desirable property of 
“ level dyeing/’ but also exhibit to a marked extent an undesirable tendency towards 
“bleeding” or “running.” It follows also that they must be dyed from as concen¬ 
trated a solution as possible (weight of solution, say, ten to thirty times that of the 
cotton), and varying quantities of salts, such as sodium sulphate or common salt, are 
added to aid in the exhaustion of the dye bath. Since these colours are dyed in a 
neutral or alkaline bath, and most of them are precipitated by lime or magnesia, 
it is necessary to soften hard water before use. This is most conveniently done by 
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boiling with a small amount of soda ash. As a rule the goods are entered at medium 
temperature, and dyeing is carried on at the boil, but dyeing at low temperatures 
is also sometimes carried out. The dye baths are not exhausted, and may be used 
over again after making up to strength by the addition of the necessary amount of 
dyestuff. 

The following are two of the processes which may be employed:— 

1. Process at Boiling Temperature. —Work the cotton at the boil for one to one and a half 
hours, adding 5-30 per cent (on weight of cotton) of crystallised Glauber's salt, or 2}-10 lbs. of 
common salt 

The salt aids in the exhaustion of the bath but rather hinders boiling, and if difficulties are met 
with in this respect its quantity must be reduced, or it must be replaced by soap, turkey red oil, etc. 
After removal rrom the bath the goods are wrung and then rinsed in cold water, soda solution, or 
turkey red oil. 

2. Cold Bath. —Stir the dyestuff with an equal weight of caustic soda solution of sp. gr. 1.35-1.38 
(70-76° Tw.), and dissolve the whole in boiling water. Enter the cotton into the bath when cold or 
lukewarm and dye with the addition of a little soap and, if necessary, Glauber's salt. 

The following are some of the names and prefixes employed by various firms to 
indicate their direct cotton colours: Benzo-, Congo-, Diamine, Union, Direct, 
Purpurine, Diamol, Chlorazol, Ingrain, Sultan, Titan, Primuline, Sulphine, Oxamine, 
Pyramine, Thiazine, Phenamine, Chrysamine, Oxyphenine, Chrysophenine, Curcu- 
phenine, Zambesi, Chicago, Columbia, Hessian, Triazol, Toluylene, etc. 

After-treatment of Direct Cotton Dyes.— The direct cotton dyes are 
eminently suitable for after-treatment on the fibre, whereby not only new shades 
are produced but very much faster colours are obtained. 

Basic dyes may be dyed upon them as on mordants (p. 549), or they may be converted into new 
44 ingrain " colours by the process of diazotising or coupling (pp. 442, 450, 478, 558). 

Many of them are also greatly improved by after-treatment with metallic salts, such as copper 
sulphate, chromium salts, and the bichromates of sodium and potassium (p. 553). 

Another method of after-treatment which has a marked effect on the fastness to washing and 
milling of certain dyes consists in working the dyed cotton for about half on hour at 6o° in a bath 
charged with 1-3 per cent, formaldehyde (40 per cent.). 

Wool and Silk are both frequently dyed with the direct cotton colours, the 
former in neutral or very feebly acid baths containing Glauber’s salt at boiling 
temperature, the latter in a neutral boiled off liquor bath, the fibre being entered 
at lukewarm temperature and the bath being gradually taken to boiling temperature. 
After dyeing has proceeded for about an hour, the bath is usually made feebly 
acid with acetic acid to aid exhaustion. 

The dyes may be subjected to after-treatment as on cotton, and the silk is finally brightened by 
passing through a very dilute solution of acetic or tartaric acid * and dried without washing. 


Sulphur Colours 

The sulphide or sulphur colours which have become of great importance in 
iecent times for obtaining fast shades on cotton or other vegetable fibres, form a 
group of dyes that are obtained by fusing sodium sulphide, or a mixture of sodium 
sulphide and sulphur with various organic substances. They are insoluble in water 
and are dyed from a solution in sodium sulphide. Many of them are reduced by 
the bath and presented to the fibre as more or less coloured leuco compounds, 
being afterwards oxidised by contact with the air. They will readily dissolve in 
alkaline reducing agents, and may occasionally be dyed in the vat like indigo. 


# The brightening of silk by treatment with acid is due to the fact that silk absorbs add and 
retains it tenadously, whereby its lustre is increased and it acquires the property of emitting a 
crackling sound called the scroop of silk when it is twisted and pressed together. The rustling ot 
silk garments is doubtless due to this property. Tartaric add being retained more permanently man 
the other acids, is the most effident, but the most expensive of the adds employed. 
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They may be employed for dyeing artificial silk and also silk and wool, but the 
animal fibres, more especially wool, are liable to attack by the alkaline sulphide 
solutions unless protected by special previous treatment. The dyes are occasionally 
employed in the dyeing of unions. These colours are distinguished by good 
fastness to light, washing, cross-dyeing, etc., and they do not bleed like the direct 
cotton colours. 

It has occasionally been observed that the cotton fibre has become tendered on storing after 
dyeing with the sulphur colours, and this has always been associated with the formation of sulphuric 
acid. When this difficulty occurs, it is best met by subjecting the cotton to an after-treatment with 
a feebly alkaline substance, such as soap, sodium acetate, or carbonate. A very suitable process 
appears to be that recently patented by Holden, in which calcium tannate is deposited on the fibre 
after dyeing, by steeping the material for a few minutes in tannic acid at about 40° C., squeezing, 
passing through limewater, and washing. The calcium tannate being insoluble has the advantage 
of not being liable to be removed on washing like the feebly alkaline substances mentioned above. 
After dyeing, the material should in all cases be wrung well and rinsed thoroughly. 

In dyeing with these colours, vats made of wood or iron may be employed. 
Copper or any alloys containing this metal must be carefully excluded, as this metal 
goes into solution rapidly in the sodium sulphide solutions, and the copper com¬ 
pounds formed, lead to oxidation of the dyestuff and irregular dyeing. The fibre 
should be kept submerged, and yam may conveniently be -dyed on bent iron pipes, 
the ends of which have been wrapped round with cloth. 

The dyestuff, to which has been added about three or four times its weight of crystallised sodium 
sulphide and some Soda ash, is dissolved in a small amount of boiling water with stirring, and the 
solution obtained, is added to the bath, which usually contains an amount of water equal to about 
twenty to thirty times the weight of the cotton. The amount of soda ash employed is about 5 per cent, 
of that of the cotton, and the bath contains 10-60 per cent, (on the weight of the cotton) of common 
salt according as a light or dark shade is required. For dark shades the cotton may be entered at 
boiling temperature, turned several times, and allowed to steep for several hours. For lighter shades 
a lukewarm or even a cold solution may be employed and a shorter time is requisite. Turkey red 
oil is sometimes added to the bath to secure more even dyeing. Certain sulphur dyes, such as the 
kryogene blues, must be developed by oxidation in air at a high temperature in the presence of 
moisture, by steaming in the presence of air, or by storing in a damp warm place. 

An after-treatment with oxidising metallic salts, viz., with a solution containing, say, 2 per cent, 
of potassium bichromate, 2 per cent, of copper sulphate, and 3 per cent, of acetic acid on the weight 
of the cotton at about 70° C. improves the fastness of some of these dyes. 

Like the direct cotton colours they act as mordants for basic colours, and many 
of them may be coupled with diazo solutions (p. 558). The first dye of this 
description known, viz., Cachou de Laval, was discovered a considerable number 
of years ago. The following are some of the names employed by various firms to 
indicate the newer sulphide dyes: Amidazol, Crossdye, Immedial, Katigene, 
Kryogene, Pyrogene, Sulphur Thiogene, Thion, Thionol, Thioxine. 

Natural Direct Dyes for Cotton. —Several natural dyes, such as turmeric, 
safflower, and annatto, are direct dyes for cotton. 


ACID DYESTUFFS 

This class comprises all those dyestuffs which are of an acid nature. It is 
obvious that some of these colours may belong to the class of direct cotton dyes, 
others may often be employed in conjunction with mordants, and thus the various 
classes of dyes merge into each other. The acid dyes are either nitro compounds 
or sulphonic acids, and in nearly all cases they are sold in the form of sodium or 
occasionally calcium salts. In many cases they have been obtained from basic 
dyes by introducing the sulphonic group of atoms. 

Cotton. —Generally'speaking the acid dyes will only stain cotton and other 
vegetable fibres very slightly, so that only very light and fugitive shades can be 
obtained by direct dyeing even when concentrated baths are employed. The results 
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are somewhat better when the dyes are used in conjunction with gelatine or basic 
mordants, such as alumina or stannic oxide, but even so, the shades obtained are 
not fast to washing. 

Wool. —The acid dyes are of the very greatest importance in the dyeing of 
wool. The wool is always dyed at boiling temperature, and a quantity of sulphuric 
acid is usually added, which is very much in excess of what is required to liberate 
the free colour acid from its salt. That the object of this acid is to produce 
lanuginic acid from the wool, which latter substance is primarily dyed, has already 
been mentioned in the Introduction. The mineral acid might thus be termed a 
“ mordant ” (/.<?., biting agent), using the word in the significance in which it was 
originally, though wrongly, employed by the dyers of former times. 

Sodium sulphate or bisulphate is nearly always added as a levelling agent, since this substance 
appears to have a slight solvent action on the dye taken up by the fibre, thus removing it from those 
places in which it may have been deposited in excess, and generally retarding the operation of dyeing. 
When dyestuffs are employed which dye with exceedingly great rapidity, the sulphuric acid is replaced 
by acetic acid or by ammonium sulphate or acetate, substances which slowly become acid in the 
boiling bath owing to the expulsion of ammonia. In certain cases, particularly in the dyeing of 
unions, a boiling neutral bath is employed. Stannic chloride or alum is sometimes added in small 
quantity; tin oxide or alumina will thus be deposited on the fibre from the boiling bath, and by 
taking up colour from the solution increase the brilliancy of the shade. Certain acid dyestuffs, viz., 
the alkali blues, are not soluble in dilute acids and must be dyed from a feebly alkaline solution. 
The wool is afterwards treated in a hot bath containing dilute sulphuric acid. The colourless sodium 
salt which is originally taken up is thus converted into the blue acid. 

The following may be taken as an example for the dyeing of ioo kg. of wool. 

Employ a bath (5,000-10,000 1 .) containing 1-4 kg. of concentrated sulphuric acid, 10-20 kg. 
of Glauber’s salt crystals and the requisite amount of dyestuff, enter at about 70° and heat to the 
boil, leaving the wool in the boiling bath for about an hour. 


Silk. —The acid dyes are of considerable importance in silk dyeing, although 
they are not fixed so well as on wool. 

A bath is usually employed containing 20-30 per cent, (on volume of bath) of boiled-off liquor, 
which is slightly acidulated with sulphuric or acetic acid. The silk is usually entered at lukewarm 
temperature and dyed slightly below boiling. It is then washed with water and biightened by 
means of sulphuric, acetic, or tartaric acid, and dried without further washing.* 

The following are a few of the more important names met with among the acid 
dyes: Naphthol yellow, Tartrazin, Fast yellow, Tropseolin, Brilliant orange, Brilliant 
scarlet, Xylidine scarlet, Biebrich scarlet, Crocein scarlet, Fast red, Archil substitute, 
Orseillin, Acid magenta, Acid eosin, Acid rhodamine, Acid phloxin, Acid violet, 
Alkali violet, Sulphone azurin, Alkali blue, Soluble blues, Patent blue, Cyanine, 
Soluble induline and nigrosine, Naphthazine blue, Wool green, Naphthol green, 
Fast brown, Orcellin, Naphthol black, Naphthylamine black, Sulphone black, 
Wool black, Biebrich patent black. 

BASIC DYES 

This important class, which comprises some of the most brilliant and beautiful 
colours known, consists of coloured salts of colourless acids and organic colour 
bases. When the animal fibres are dyed by these subtances, only the base is taken 
up in a coloured form, as explained in the introduction, the acid being left behind 
in the bath. 

Cotton. —Cotton is nearly always dyed with the intervention of an acid 
mordant, and the processes employed will, therefore, be considered later in con¬ 
junction with those used for mordant dyes (pp. 548, 550). 


See note, p. 545, also see p. 518. 
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Wool. —Although not so important as the acid dyes on account of their 
fugitiveness, yet the basic dyes still possess a considerable amount of importance 
in the dyeing of wool. They are in most cases dyed from a very feebly acid bath, 
but a soap bath is also sometimes employed when very soft water is available. 
That hard water must be feebly acidified, preferably by acetic acid, has already 
been mentioned under the heading of Water. No other addition is made. 

The bath is usually started cold and gradually raised to the boil. Dyeing is continued until the 
bath is exhausted, which sometimes takes place before boiling. The goods are well washed after 
dyeing. Owing to the great tinctorial power of these dyes a very small amount is usually sufficient, 
$ per cent, on the weight of the wool usually producing a medium shade. The colours should be 
Altered through cloth before adding to the dye bath as a precaution against the introduction of 
undissolved particles. 

Silk. —On account of their brilliance the basic dyes play an important part in 
silk dyeing in spite of their fugitiveness as a class. A neutral or slightly acid bath 
may be employed consisting of one-third boiled-off liquor and two-thirds water. 
The same general precautions must be taken as in the dyeing of wool. 

The silk is usually entered cold and the temperature gradually raised to a little under boiling. 
After dyeing, the fibre is rinsed and brightened by means of tartaric or acetic acid.* 

A bath containing about iJ-2 per cent, (on the weight of the silk) of soap is frequently employed 
for dyeing pale shades at a temperature of 30°-40° C. (?5 # -i05° F.). 

The following are a few of the best-known basic colours: Magenta, Safranine, 
Magdala red, Chrysoidine, Phosphine, Auramine, Methyl green, Malachite green, 
Diphenylamine blue, Victoria blue, Methylene (ethylene) blue, Meldola's blue, 
Nile blue, Indulines and Nigrosines, Methyl violet, Crystal violet, Mauve, Bismarck 
brown, Fast black. 

The rhodamines, including irisamine, etc., also belong to this group, and the 
weakly acid eosins, including erythrosin, phloxin, rose bengal, may be dyed by 
similar methods. 


MORDANT DYES 

The mordant dyes are basic or acid substances which are not fixed on the fibre 
directly, but are caused to combine with a compound of an acid or basic nature 
termed a mordant which has usually been previously deposited on the fibre. The 
compound formed is termed a colour-lake. 

Some dyes, such as alizarin or logwood, are only feebly coloured before combination, and yield 
different shades with different mordants. These are termed polygenetic dyes. Others have the 
property of dyestuffs before combination, and their lakes do not usually differ much from them in 
colour. These are 44 monogenetic ” dyes. 

Acid Mordants* —These mordants are of the greatest importance for the 
fixation of basic dyes, particularly on cotton. They are also frequently employed 
in order to fix basic mordants on other fibres, and in silk weighting. The most 
important are the tannins and the oil mordants. 

The tannins f form a class of compounds which are distinguished by the fret that they are taken 
up readily by the animal skin, causing it to be tanned. Most of them are colloids, and their more 
important properties are doubtless closely connected with this circumstance. They will combine 
with basic dyes producing compounds insoluble in water but soluble in an excess of tannic acid. 
When brought together with salts of heavy metals containing a feeble add a precipitate is formed 
containing the metal oxide and the tannin. This predpitate which is insoluble in tannic add it 
probably what is termed a colloid compound, £0., a compound produced by the phenomenon of 
“adsorption” between a colloid bearing a positive and a colloid bearing a negative electric charge 
when in solution. These predpitates have the property of combining with basic dyes, forming too 
coloured so-called “ triple ” compounds which constitute the lakes employed in dyeing cotton with 
basic dyes. 


* See p. 545* 


t See also pp. 490 and 573. 
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The most important tannin is tannic acid or gallo-tannic acid* a substance obtained commercially 
on the large scale by the extraction of nut galls. This substance should be exclusively employed for 
dyeing pale shades on cotton; for dark shades the more or less coloured extracts of the following 
substances containing tannin may be employed—sumach, myrobalans, divi-divi, valonia, chestnut, etc. 
The bath is prepared according to the amount of colour to be fixed with quantities of tannic acid, 
varying, say, from 4-8 per cent on the weight of the cotton, allowing sufficient water to work the 
material conveniently. For pale shades the material, which must have been carefully freed from 
air by boiling out, is worked for a half to one hour in the bath ; for darker shades the material may 
be entered at boiling temperature and then allowed to steep in the cooling bath for twelve hours. 
It is then worked in a tartar-emetic bath containing, according to the amount of tannin to be fixed, 
J-4 per cent, (on the weight of the cotton) of tartar-emetic for about a quarter of an hour. The 
insoluble antimony tannin compound referred to above is thus produced. The excess of antimony 
salt must be very carefully washed out or preferably removed by passing the dyed goods through 
another tannin bath. Aluminium, iron, or stannic salts are also employed for the fixation of tannic 
acid. 


Turkey-red oil, Alizarin oil, Sulphated oil, Soluble oil,* are names 
applied to another class of acid mordants which are sometimes employed for fixing 
basic dyes on cotton. Their principal importance, however, lies in their application 
to the fixation of basic mordants in turkey-red dyeing. As will have been seen 
from the prescriptions given for dyeing with various direct dyes, turkey-red oil is 
also frequently employed as an assistant in the place of sodium sulphate where 
difficulties are met with in obtaining level shades. 

Turkey-red oil is formed by the action of concentrated sulphuric acid at medium temperatures 
on various oils, such as olive oil, cotton-seed oil, and castor oil. The last-named is by far the most 
mportant. The products formed are distinguished by the fact that they are soluble in water, while 
they retain to a certain extent the properties of the oils from which they have been produced. 
Chemically, turkey-red oil is piobably a mixture of various primary ethereal salts of sulphuuc acid. 
It has the great advantage over ordinary soap that its salts with the alkaline earths are not sticky 
substances but fine powders which have no tendency to cause uneven dyeing. 


In mordanting cotton, the material may be saturated with a solution containing 
50 g. of turkey-red oil per litre, wrung, dried, and then treated for half an hour in 
a tepid solution of aluminium acetate of sp. gr. 1.015 in order to fix the mordant. 

Dyes as Mordants. —The fact that basic dyes may be dyed on cotton on 
other dyes, which may thus in a certain sense be considered to be acid mordants, 
has already been referred to (pp. 545, 546). 


Dyeing Basic Dyes on Cotton. —The basic dyes are usually dyed on 
mordanted cotton in the cold or at temperatures up to about 70*. A feebly acid 
substance, such as acetic acid or alum, is usually added to retard dyeing in order that 
even results may be obtained, and the dye solution is usually added during dyeing 
in intervals of about a quarter of an hour in about three or four portions. The 
operation is usually started in the cold and completed at about 6o° C. 


Catechu, t—In conjunction with the tannins reference must here be made to the 
exceedingly important natural dyes, catechu or cutch and gambier. These sub¬ 
stances contain varying amounts of a tannin called catechutannic acid and a white 
crystalline substance known as catechin. In addition they contain a brown dyestuff 
formed by oxidation of the preceding. 

Cutch and gambier are employed largely in cotton and to a certain extent also in wool dyeing. 
The material is usually immersed in a boiling bath of the dye containing about 10 per cent, of 
copper sulphate (of the cutch employed). The latter acts as an oxidising agent and probably also 
as a mordant. The material is then allowed to steep for several hours and afterwards treated with 
a hot bath containing about 2 per cent, of dichromate. This substance effects a further oxidation. 

Catechu and gambier are also used in large quantity in silk weighting. 


See p. 43. 


t See p. 486. 
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Dyeing in Conjunction with Basic Mordants 

Nearly all insoluble metal hydroxides may be deposited on the textile fibres as 
mordants, for the purpose of obtaining colour-lakes with various dyes. A brief 
survey of the more important methods employed for the various classes of fibres, 
and a short reference to the dyes used, some of which are among the most important 
known, is all that can be attempted here. 


Wool. —Wool is capable of dissociating the salts of heavy metals at boiling 
temperature, taking up both the metal hydroxide or a basic salt and the acid, the 
former in an insoluble form, the latter in a form in which it can be washed out by 
water. This fact is made use of in the mordanting of wool. It is necessary to 
employ such salts as are not dissociated hydrolytically by the boiling water to an 
appreciable extent or else to hinder this dissociation by the addition of suitable 
substances. The deposit of metal hydroxide formed would otherwise not be held 
fast by the fibre. Thus in mordanting with aluminium sulphate it is necessary to 
make an addition of sodium bisuiphate, sulphuric acid, or preferably of cream of 
tartar or of some other substance of an acid nature. 

The following prescription for alumina may be taken as an instance of the mordanting with salts 
such as aluminium sulphate, chromium fluoride, ferrous sulphate, etc. Employ a bath containing 
about 8-10 per cent, of alum and 2^-5 per cent, of tartar (on the weight of the wool), enter at a low 
temperature, heat gradually to boiling and maintain at the boil for about half an hour. After cooling, 
the wool is thoroughly washed or preferably boiled in water to remove as much of the acid as 
possible. It is then dyed without allowing it to dry. 

A very important mordant for wool that calls for a few special remarks is 
potassium (or sodium) bichromate (bichrome or chrome). The substance to be 
deposited on the fibre in this instance is chromic oxide, and reduction of the 
chromate originally taken up is therefore necessary. When chromate alone is 
employed, this reduction is probably effected to a small extent by the wool itself. 
The latter, however, still shows the yellow colour of chromate on leaving the 
mordanting bath, and the principal reduction no doubt takes place in the dye-bath 
later on. 

It will be readily understood that care is necessary in the use of this mordant owing to its oxidising 
properties in order that “ overchroming ” of the wool may be avoided. According to Knecht, the 
chromate is taken up by the wool as chromic acid, and the bath consequently shows a tendency to 
become alkaline. If used over again it should therefore be made up to strength by the addition not 
only of bichromate, but also of the necessary amount of sulphuric acid. 

For high-class goods bichromate is frequently employed in conjunction with 
reducing agents, of which cream of tartar, oxalic acid, formic acid, and lactic acid 
are the more important* 

The following may serve as a prescription for the mordanting of wool with bichromate. Boil 
the wool in a bath containing 2-4 per cent, bichromate (of weight of wool). Water, fifty to a hundred 
times the weight of the wool. Time, one to one and a half hours ; then wash with water and dye 
without drying. 

Basic Mordants for Silk. —Silk is usually mordanted at medium tempera¬ 
tures at which the metal salts employed are not decomposed by the fibre. It thus 
becomes necessary to pass the latter through the solution of a fixing agent, such as 
sodium silicate, which deposits an insoluble basic precipitate on the silk. Instead of 
this, the fibre may in many cases simply be washed very thoroughly with water, which 
produces an insoluble precipitate by the process of hydrolysis. In the mordanting 
of silk with iron and tin salts tannin is usually employed as a fixing agent. A soap 
bath also has a similar effect. By passing the fibre alternately through baths con¬ 
taining the metal salt and the tannin extract, the fibre may be “ weighted ” up to about 
four times its weight with the metal tannate. This fact is made use of in dyeing 
silk with heavy logwood blacks. 
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Basic Mordants for Cotton. —Although cotton may absorb a certain 
amount of metal salts, it can in no way decompose them. Either a salt such as 
the acetate must be employed which can be decomposed or hydrolysed by heating, 
yielding a basic salt; or else a fixing agent, i.e., a substance which yields a precipitate 
of basic properties when added to a solution of the salt in question, must be 
employed. 

In the former case the impregnated goods are subjected to the process of “age- 
ing,” which consists in exposing them to a warm moist atmosphere. 

In the latter case the cotton may either be treated with tannin or some other 
acid mordant taken up directly by the fibre and then be passed through an alkaline 
bath and through the metal salt solution, or else the material is first passed through 
the metal salt solution and then treated with a fixing agent, such as ammonia, caustic 
soda, chalk, sodium carbonate, silicate, phosphate, or arsenate, which yields a pre¬ 
cipitate of strongly basic properties by interaction with the salt in question. 

When employing turkey-red oil or tannic acid, the cotton is first impregnated as 
described under acid mordants, it is then usually passed through clear lime water 
to neutralise the acid and afterwards worked in the salt solution for about an hour. 
It is usually finally passed through a weak soap bath, thoroughly rinsed in water, 
and then dyed. 

When one of the alkaline fixing agents indicated above is employed, the cotton 
is usually treated for several hours with the mordant solution, wrung out, dried at a 
low temperature, then worked for about half an hour in the solution of the fixing 
agent at medium temperature, thoroughly washed, and then dyed. 

The Dyes 

Although mordant dyes, both natural and artificial, are among the most important 
known, yet all that can be attempted here, is a brief enumeration of them, and an 
indication of the mordants with which they are applied. 

Logwood. —This substance consists of the heart-wood of a tree known 
botanically as Hamatoxylon campechianum which grows in various parts of America. 
The wood is subjected to a process of fermentation and oxidation called “ ageing ” or 
“ maturing/’ during which a glucoside originally present in it is decomposed into a 
sugar and a substance called haematoxylin. The latter on oxidation yields a body 
named hsematein which is the colouring principle of logwood. The dye is bought 
by the dyer either as chips, as decoctions, known as logwood liquor, or as extract, 
i.e. y a paste obtained by evaporating the decoction. In the former case it is extracted 
by the dyer himself by means of boiling water. Logwood is employed for dyeing 
both vegetable and animal fibres, and its importance lies chiefly in the production 
of fast blues and blacks on the latter (see also pp. 484, 490). 

When employed for dyeing blacks on cotton it is usually applied in conjunction 
with an iron mordant fixed by tannin. 

The following prescription may serve as an example. Work the cotton in a cold infusion of 
about 30-40 per cent, of sumach (of weight of fibre), allow to steep for several hours, and without 
washing work for about half an hour in a cold solution of “ nitrate ” of iron (*.*., feriic sulphate), 
sp. gr. 1.01-1.02, treat with a cold chalk bath to remove excess of acid, and wash thoroughly. Dye 
in a bath containing logwood and a little fustic (say 8 per cent, solid logwood extract and ij per 
cent, of fustic extract of sp. gr. 1.25), then treat with a bath of about ij per cent, copperas, or with 
a warm bath containing potassium bichromate (say & g. per litre) in order to remove the excess of 
logwood. Then work in a solution of soap, say 5 g. per litre, at a moderate temperature, squeeze 
and dry. 

Chrome blacks may also be obtained on cotton; a purple is obtained by means 
of a tin, a blue by means of a copper mordant. 

Wool is dyed black by means of either an iron or chrome mordant. 

The following prescription may serve as an example. Mordant in a bath containing 3 per cent, 
potassium bichromate, 8 per cent, tartar, and 5 per cent, sulphuric acid (of weight of wool) at boiling 
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temperature for about an hour, wash well and dye in a boiling bath prepared from 50-80per cent 
logwood and 5-10 per cent, fustic for about an hour, having entered the wool at about 8cr C. An 
addition of about 5 per cent, alizarin improves the fastness of the shade to light. Then fix the excess 
of logwood taken up in a finishing bath containing about 1 per cent, of potassium bichromate at 
about So 0 C. Wash and dry. 

In order to produce logwood blues on wool, smaller quantities of dye and mordant are employed, 
and the fustic is omitted in the dye bath. 

Silk. —Logwood blacks play an important part in the dyeing of silk. As a rule 
the logwood is dyed on an iron tannin mordant, and other substances are incorporated 
with the dye, allowing it to weight the silk up to about 400 per cent. 

The following prescription, by means of which iron tannate, tin tannate, Prussian blue, catechu, 
and logwood are all fixed on the fibre, allows a weighting up to about 100 per cent, and may serve 
to illustrate the process. 

Mordant with basic ferric sulphate, then soap. Repeat these operations one to eight times, 
according to the amount of weighting desired; dye Prussian blue by means of potassium ferro- 
cyanide, treat with a catechu l>ath (100-150 per cent.) containing 10-15 per cent, stannous chloride 
at 6o°-8o° C. Treat with a second catechu bath containing no tin (100-200 per cent, catechu), 
mordant with pyrolignite of iron. Dye with logwood and soap. Brighten. 

The following natural mordant dyes can only be referred to: Fustic (young 
fustic) and Quercitron bark (yellow on chromium mordant); Weld (yellow on 
chromium, aluminium, tin;—olive or olive-yellow on iron and copper mordant); 
Persian berries (yellow or yellowish olive on tin, copper, aluminium, iron;—brown 
on chromium mordant); Saunders wood, barwood, camwood (red to brown according 
to mordant); Cochineal, Kermes, and Lac dye (scarlet and crimson on tin and 
aluminium mordant) (see also Natural Dyes, p. 483). 

Alizarin. —This exceedingly important dyestuff, which constitutes the principal 
colouring matter of madder, is at the present time obtained practically exclusively 
by artificial means from coal-tar (p. 451). The two substances, isopurpurin and flavo- 
purpurin, are present in varying amounts in different brands of the commercial article 
and affect the shades of the dyed material to a certain extent. Alizarin is put on the 
market as a paste containing 20 or 40 per cent, of the dyestuff or as a powder 
containing from 80 per cent, upwards. Its most important application is the 
production of turkey red on cotton. 

It would be beyond the scope of this article to give a full account of turkey-red 
dyeing, but it may be stated briefly that the production of this exceedingly brilliant 
and fast colour is based on the formation of an exceedingly complicated aluminium- 
calcium lake of alizarin which contains also a certain amount of tannin and oil. 
The latter is a decomposition product obtained by using either olive or turkey-red 
oil. In addition the lake often contains stannic oxide in small quantity. The 
following enumeration of the operations carried out in one of the simpler processes 
of turkey-red dyeing will give a general idea of the complicated nature of the 
method ' 

The cotton (300 kg.) is first freed very completely from fatty and resinous matter by “ bowking,” 
or boiling under a pressure of 2 atmospheres with caustic soda solution of sp. gr. 1.005 for four or five 
hours (p. 521). It is then treated successively three times with turkey-red oil and dried at 70°-75* C. 
after each treatment The baths employed for this purpose are “ standing” baths, and are freshened 
up as follows: The first oiling bath is freshened up with 22 kg. acid oil, 5 kg. ammonia, and 
22 L of potassium carbonate solution of sp. gr. 7.20, temperature 40°~45* C. (For a fresh bath 
two and a half times these quantities are needed.) Second oiling bath like the first; the third 
oiling bath is freshened up with 20 kg. acid oil and 441. potash solutions. After drying, the cotton 
Is now steeped for eight hours in water of 30°-35° C., hydro-extracted and again stoved at 70°-75° C. 
It is now ready for the alum mordanting bath, which is freshened up with 50 kg. aluminium sulphate* 
4.25 soda crystals, the same amount of chalk, and 1 kg. of tannic acid. The cotton remains ui this 
bath for fifteen to twenty hours, is well rinsed and then passed wet into the dye bath. The latter 
contains about 20 kg. alizarin, 300 g. tannic acid, and about 1 kg. chalk. The material is first 
treated in the cold bath for an hour; the latter is then slowly heated to boiling, and afterwards boiled 
for about an hour. The material is then subjected to two successive processes of clearing by boiling 
first for three hours at ii atmospheres pressure with a solution containing 3-4 kg. of soda* then 
rinsing and finally boiling at ij atmospheres with S kg. soap, £ kg. soda, and 400 g. of tin crystals 
(stannous chloride). It is then rinsed and dried in the air. 
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Alizarin is also dyed on cotton with chromium mordants for claret red and 
maroon shades, and on iron mordants for very fast violets. 

Wool is dyed with alizarin on aluminium, chromium, iron, and tin mordants; 
red, maroon, violet, and orange shades respectively are thus produced. The 
mordants are applied as previously described. 

In conjunction with the aluminium mordant io lbs. of 20 per cent, alizarin paste, 2 lbs. of 
calcium acetate, 1 lb. of soap, and $ lb. of tannic acid may be employed per 100 lbs. of wool. The 
latter is introduced into the cold bath, which is then heated to boiling and kept so for an hour and 
a half. The mordant and the dye are sometimes dyed simultaneously from the same batb where 
only light shades are required (single bath method). 

Silk may also be dyed with alizarin on aluminium, chromium, and iron mordants. 
About 20 per cent, of alizarin is required for a full shade. 

Other Mordant Dyes. —The following are the names of some of the dyes 
which are dyed with mordants and are often termed alizarin dyes, although they 
are by no means all of them derivatives of alizarin: Alizarin bordeaux, Alizarin 
maroon, Alizarin orange, Resoflavin, Alizarin yellow, Galloflavin, Anthracene brown, 
Alizarin green, Emeraldol, Anthraquinone green, Coerulem, Alizarin blue, Brilliant 
alizarin blue, Alizarin indigo blue, Alizarin sky blue, Cyananthrol, Anthraquinone 
blue, Gallocyanine, Gallazine, Phenocyanine, Crumpsall fast blue, Alizarin cyanine, 
Alizarin cyclamin, Alizarin heliotrope, Anthraquinone violet, Anthracene violet, 
Alizarin black (see pp. 451 -15 4)- 

In wool dyeing the order of operations is often inverted, the wool is first treated (“ stuffed ”) 
with the dye and then saddened with the mordant. This procedure is particularly suitable fur a 
class of dyes of a strongly acid nature known as add chrome colours which have recently been placed 
on the market In this case both operations are carried out in the same vessel (single bath process). 
The dye is first practically exhausted from the bath, and then b-2 per cent, of bichromate, according 
to the depth of shade, is added and dyeing continued at the boil for half an hour to one hour longer, 
after which the wool is washed and dried. Chromium fluoride may be employed instead of bichromate 
with those dyestuffs which will not resist the oxidising action of the latter. The following are names 
under which this class of dyestuff is sold by various makers: Chrome, Acid anthracene, Acid 
alizarin, Diamond saiicine, etc. 

After-treatment of Cotton with Metallic Salts. —Before leaving the 
subject of mordant dyes reference must be made to the after-treatment with metallic 
salts of cotton dyed with the direct and sulphur dyes^p. 545)* These salts no doubt 
act as mordants, although in some cases an oxidising effect exerted by them may 
also be of importance. Copper sulphate, chromium fluoride, and potassium 
bichromate are the most important substances employed for this purpose. The 
following prescriptions will illustrate the process:— 

Rinse the cotton well and treat with a cold or tepid solution of 2-4 per cent, of copper sulphate 
(on the weight of the cotton) for fifteen to thirty minutes; or else with a solution containing 2 per 
cent. CuSOj, 2 per cent, bichromate, and 3 per cent, acetic acid of 30 per cent, stiength under the 
same conditions; or else boil for half an hour in a bath containing 3-4 per cent, chromium fluoride 
and 2-3 per cent acetic acid of 30 per cent, strength. 


VAT DYES 

Many dyestuffs are converted by reducing agent* (£#., compounds capable of pro¬ 
ducing nascent hydrogen or removing oxygen) into colourless substances termed 
leuco compounds, which by oxidation in contact with air pass again into the original 
dyes. Some dyes, on the other hand, undergo so far-reaching decomposition when 
subjected to reduction that a simple process of oxidation cannot reproduce the 
original compounds. The leuco compounds are frequently soluble in alkaline 
liquids, and are taken up readily from these by vegetable as well as by animal fibres. 
On contact with the air the original dyestuff is reproduced in the fibre in an exceed¬ 
ingly fast form. These facts are made use of in dyeing with certain insoluble dyes 
known as vat dyes. The dye is brought into solution in the vat, an alkaline 
V) 
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liquid containing a reducing agent. The material to be dyed is impregnated with 
the leuco-compound formed, and is then exposed to the air, the dye being thus 
produced in it. 

Indigo. —This, the most important vat dye, which may be considered to be 
the parent substance of most of the others in common use, is at the present day 
employed as natural and as artificial indigo. The former is obtained by a process 
of fermentation (steeping), followed by one of oxidation (beating) from the leaves 
of various tropical plants. A glucoside which has been named indican by its 
discoverer, Schunck, is thus decomposed, yielding glucose and the leuco compound 
indigo white, which latter is converted into indigo by oxidation. Natural indigo 
usually contains quantities of the pure dyestuff indigotin, varying between 30 and 
70 per cent, according to the source from which it has been obtained; in addition, 
there may be in it quantities varying between 2 and 10 per cent, of the purple 
dyestuff indirubin, while the remainder is made up of more or less inert impurities. 

The glucoside indican is also contained in woad, a substance that is still 
employed as an addition to the fermentation vats used in wool dyeing. 

Artificial indigo is manufactured chemically from the products of coal-tar 
distillation. It is met with in commerce as a powder consisting of almost pure 
indigotin, as a paste containing about 20 per cent, of the same substance, and in 
various other forms. It is also sold as “ indigo vat,” a substance containing about 
60 per cent, of the leuco compound indigo white (see p 458). 

As already explained the indigo vat contains essentially a reducing agent and 
an alkaline substance which dissolves the indigo white formed. The latter is either 
lime, soda, or ammonia, the former may consist of a large variety of substances. 
Brief reference shall here be made to the hydrosulphite vats, the zinc and lime vat, 
the copperas vat, and the fermentation vats. 

The sodium hydrosulphite employed in the first-named vats is either prepared 
by the dyer himself by the action of zinc dust on sodium hydrogen sulphite, or it 
may be obtained commercially at the present day in the fotm of a dry powder. 
Either soda, lime, or ammonia may be employed as the alkali of the vat. The vats 
are usually worked cold for cotton, and at a temperature of about 50° for wool. 
In the latter case the amount of hydrosulphite is greater, and the amount of alkali 
smaller, than in the former. A stock or standard vat is always prepared apart from 
the actual dyeing vat. 

The following may be taken as an example of a hydrosulphite-soda vat for cotton, prepared from 
zinc and sodium bisulphite. Volume of dye vat, 1,000 1 . A solution is prepared by mixing I £ 1 . o* 
bisulphite solution (sp. gr. 1.28) in small portions with 1.5 kg. zinc dust and letting the mixture 
stand for a short time with occasional stirring until the sediment is pale grey in colour. A suspension 
of 15 kg. of 20 per cent, indigo pure paste (equivalent to about 5 kg. very finely ground natural indigo) 
in about 15 1. of caustic soda solution (sp. gr. 1.38) is then prepared and the first liquid added to the 
second. The mixture is then maintained at a temperature of about 50° C. during half an hour to an 
hour. When reduction is complete the stock liquor will have turned yellow. The dye vat (1,000 t.) 
is prepared with a mixture of 10 1. bisulphite (sp. gr. 1.28) and 1 kg. zinc dust added as above in 
small portions with stirring. After a short time as much stock liquor as necessary (according to the 
depth of shade desired) is added and the vat stirred well. It is ready for use as soon as it has 
become clear and yellowish green. The vat may be used continuously and fed with stock liquor 
and bisulphite-zinc-soda mixture to keep it up to strength. 

For wool a corresponding hydrosulphite-lime vat may be made up by using, in the place of the 
quantities given above, the following: For the stock liquors 12 1 . bisulphite solution, kg. zinc 
dust, 10 kg. indigo paste, 10 1. 20 per cent, milk of lime prepared by slaking 2 kg, quicklime in 
place of the soda solution; for the aye vat, f 1 . bisulphite solution, 0.2 kg. zinc dust. As already 
mentioned, the wool is dyed at about 50°, and after dyeing must be passed through very dilute 
sulphuric acid solution (o. 1 per cent) to remove the lime and then be rinsed. 

The following may be taken as an example of a vat for cotton in which 
commercial sodium hydrosulphite is employed. 

The volume of the dye vat is 1,000 1 . A stock liquor is prepared by stirring together well to kg. 
20 per cent, indigo paste (equivalent to about 3! kg. very finely ground natural indigo), 201. cold 
water, and 1$ kg. hydrosulphite powder. To this, after ten minutes, is added 6 1 . caustic soda 
solution (sp. gr. 1.39), and the whole is heated to 60* C. until reduction is complete. This is 
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ascertained by dipping a piece of glass into the liquor. The glass and the drops from it should be 
clear yellow in colour, and the liquor should oxidise in about half a minute. The dye vat is set with 
50 g. hydrosulphite to remove dissolved oxygen from the water, and after stirring, the whole or part 
of the stock solution is added and the vat stirred up once more. 

For wool, the quantities for the stock solution are 10 kg. indigo paste, 10 1. cold water, 2 kg. 
hydrosulphite powder, and 2 1. caustic soda solution (sp. gr. 1.38). It is recommended to make the 
dye vat up with 50 g. hydrosulphite, about J 1. ammonia, and 3J 1. of a 10 per cent, glue solution 
per 1,000 1. and then to add a portion of the above stock liquor. Dyeing takes place at about 50° C. 
The vat is used continuously and made up to strength from time to time. 

The Zinc-Lime Vat. —In this vat, which is extensively used for cotton, the 
indigo is reduced by nascent hydrogen produced by the action of zinc dust upon 
a lime solution. It is best to prepare a stock solution of reduced indigo. 

The following prescription may serve as an example for the preparation of a vat of 1,000 1 . A 
stock solution is prepared by mixing 10 kg. 20 per cent, indigo paste (equivalent to about 3^ natural 
indigo) with ij kg. zinc dust made into a paste with 20 1 . of water of 50 # -6o° C. To this is added 
4-5 kg. quicklime which has been previously slaked to a uniform paste. The mixture is made up 
with hot water to 80 1 ., and maintained for three to five hours at a temperature of 50°-6o° C., with 
occasional stirring. It should then be pure yellow and ready for uso. The vat is set with 250 g. 
zinc dust and 1 kg. lime slaked to a thin cream, stirred up and allowed to stand for some time. The 
stock liquor or part of it is then poured in, the vat stirred and allowed to settle. It is then ready for 
use. A certain amount of sediment is formed ; this may trap a small amount of indigo, producing 
loss, and may also lead to uneven dyeing if proper attention is not paid. These disadvantages, how¬ 
ever, are only slight with this vat, being much less serious than in the following one. 


The Copperas Vat. —This is one of the oldest vats employed in the dyeing 
of cotton. The ingredients used are lime and ferrous sulphate. Ferrous hydroxide 
is thus produced which is converted into ferric hydroxide by the indigo contained 
in the vat, and thus acts as a reducing agent. 

The following prescription for a vat of 1,000 1 . of medium strength will illustrate the process. 
A stock vat of 200 1. containing 10 kg. 20 per cent, indigo paste, 12^ kg. quicklime, ana 10 kg. 
green copperas is made up, and allowed to stand for four to six hours with occasional stirring. As 
soon as it has assumed a yellow colour, it is poured into the dye vat which has been about three- 
quarters filled with water. The latter is stirred up and dyeing commenced after it has settled com¬ 
pletely. This vat is easy to set, but the large sediment referred to above is a grave disadvantage, and 
makes it unsuitable for continuous dyeing. 


Fermentation Vats for Wool. —In the fermentation vats various organic 
substances are allowed to ferment. Glucose is thus produced which acts as a 
reducing agent upon the indigo contained in the alkaline liquor. The sugar is 
oxidised by the latter, first to lactic and then to butyric acid. A great deal of 
practical experience is necessary to work a fermentation vat properly, and all that 
can be attempted here is to give a very rough sketch of the most important fermenta¬ 
tion vat for wool, />., the woad vat. 

A vat containing 15,0001. is often employed. It is filled with water and heated to 65° C., 
500 kg. of wqad are introduced, and after stirring left overnight. The next morning 20 kg. very 
finely ground indigo, 20 kg. bran, 7 kg. madder, and 12 kg. lime are added. The whole is stirred 
two or three times a day with the addition of 1-2 kg. of lime each time, the temperature being 
maintained at about 6o°. After a few days the liquor should show a yellowish colour, and on gently 
stirring it, blue streaks should make their appearance along with a coppery scum or flurry. Before 
dyeing, the wool must be very thoroughly scoured and the soap removed. A trammel net is 
employed in the vat to preserve the wool from contact with the sediment. After dyeing, the wool 
is thoroughly cleansed with soap and fuller’s earth in order to remove all the loosely adhering 
indigo, which would otherwise show the objectionable property of rubbing when in use. 

Silk is not very frequently dyed with indigo. The vats must be kept less 
strongly alkaline than for cotton and are worked in the cold. In applying the 
various vats, the material is always worked in the liquor for various periods of time— 
for cotton yarn, three or four minutes; for calico, ten to thirty minutes; and for 
heavy woollen cloth half an hour to two hours or more. On coming out of the 
dye vats the goods, which show a greenish yellow colour, are squeezed or wrung and 
then exposed to the air. The shade quickly passes by oxidation through green to 
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blue. The operation is then repeated either in a stronger or weaker vat until the 
desired shade has been attained. 

Numerous machines for dyeing with indigo, some of which have been referred to in the chapter 
on appliances for dyeing, have been designed for use with the various forms of textile goods. Tney 
are designed to carry out the operations of steeping and oxidising the goods in a continuous manner. 


Other Vat Dyes. —During the last ten years a considerable number of new 
vat dyes have been put on the market, most of which are distinguished by their 
great fastness to light and other influences, and which promise to become of the 
very greatest importance in the future. They are mostly employed in conjunction 
with the hydrosulphite vats. The following are the more important classes:— 

The Thioindigo Class is of great theoretical interest. They are chemically 
derived from indigo by replacing NH groups by S atoms. The following are some 
of the more important dyes of this series: Thioindigo red, Thioindigo scarlet, Thio- 
indigo violet (Kalle), Vat red B (B.A.S.F.), Helindone red 3B, Helindone orange R, 
Helindone yellow 3G, Helindone scarlet S, Helindone fast scarlet, and Helindone 
brown G (M.L.B.). All these dyes may be employed for cotton and wool (see p. 463). 

The Ciba Colours (S.C.I.B.) are apparently either brominated indigo 
derivatives or derivatives of the thioindigo class. Most of them may be applied 
equally well to animal and vegetable fibres. The more important ones are various 
indigos put on the market by M.L.B. and the B.A.S.F. Ciba blue B and 2B 
(S.C.I.B.), Ciba heliotrope, Ciba Bordeaux B, Ciba red G, Ciba scarlet G, Ciba grey 
G and B, Ciba green G, and Ciba violets (see pp. 461, 466). 

The Indanthrene, Algole (B.A.S.F.) and Leucole (Bayer) and Cibanone 

(S.C.I.B.) colours have no chemical connection with indigo, but are mostly related 
to anthraquinone. They require the addition of a large amount of alkali to the 
hydrosulphite vat, and are therefore unsuited for use with the animal fibres. The 
following may be mentioned: Indanthrene yellows (flavanthrene), orange, copper, 
reds, Rufanthrene browns (fascanthrene), Indanthrene claret, Indanthrene blues, 
Indanthrene violets (violanthrene), Indanthrene grey, Indanthrene maroon (oliv- 
anthrene), Indanthrene brown, Indanthrene green (viridanthrene), Indanthrene blacks 
(melanthrene), Algole yellows, orange, scarlet, reds, grey, blues, pink, green, 
Bordeaux, Cibanone yellow, orange, browns, and blacks (see p. 454)* 

Certain of the sulphide dyes, such as kryogene black, may also be dyed in the 
vat, and should, therefore, be mentioned here (see pp. 458, 478). 


DYESTUFFS PRODUCED BY CHEMICAL MEANS ON 

THE FIBRE 

Aniline Black 

This dyestuff, which is of the greatest importance in cotton dyeing, is always 
produced on the fibre as a perfectly insoluble substance by the oxidation of an 
aniline salt. When an acid solution of aniline is treated with suitable ofcidisers, the 
base undergoes a very complicated series of oxidations and polymerisations, a 
considerable number of intermediate products is produced and ultimately a black in¬ 
soluble substance of very high molecular weight “aniline black,” is formed (p. 480). 

This substance appears to exist in two states of oxidation or polymerisation: the 
first has the property of acquiring a greenish tint under the action of sulphurous acid, 
die second more highly oxidised, or perhaps only more highly polymerised product 
does not exhibit this reaction; and it is this form which the dyer must aim a! 
producing, if the dyed fabric is not to turn green during use. The cotton is, therefore, 
usually subjected to an after-treatment in a hot chrome bath in order to convert 
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the whole of the first into the second form of aniline black. The oxidiser employed 
for oxidising the aniline salt in the first instance may be sodium (or potassium) 
chromate; potassium ferricyanide (red prussiate of potash), or what comes to the 
same thing, a mixture of sodium chlorate and potassium ferrocyanide; or lastly, 
sodium chlorate. The last-named substance requires the intervention of a catalyst 
or carrier of oxygen, and as such, a salt of copper, iron, or vanadium may be employed. 
The same substances are sometimes also added to chromate solutions to accelerate 
oxidation. The oxidation takes place in the fibre, with a suitable velocity at 
temperatures at or about 45* C., and the following processes, producing what are 
termed (1) dyed blacks, (2) aged blacks, and (3) steam blacks, are in use. In the 
first-named process the material (say 100 kg.) is worked in a dye bath of 2,000 1. 
containing, say, 13 kg. aniline salt, 20 kg. hydrochloric acid (sp. gr. 1.171), 14 kg. 
bichromate, first in the cold for an hour. The temperature of the bath is then 
raised to 70**80* C. and the cotton is worked for another half hour, during which 
the black is developed. It is then rinsed and soaped well, hydro-extracted, and 
dried. The disadvantage of this process is that the dyestuff is not held well by the 
fibre and rubs badly. The second or ageing process is the one most frequently 
employed. It differs from the first in making use of a much more concentrated 
solution, and in the fact that the oxidation is not accomplished in the liquor itself, 
but that the fabric is removed from it, dried, and then aged, that is, subjected to 
a moist warm atmosphere which develops the black. During the process of ageing 
large quantities of hydrochloric acid and oxides of chlorine are liberated from the 
aniline hydrochloride, and there is thus always a considerable risk of tendering the 
fabric if the temperature is not carefully regulated and the acid efficiently removed 
by the current of air. An addition of aluminium acetate is recommended to 
neutralise the mineral acid given off. 

The following prescription for yarn by K. Oehler will give an idea of the process. The cotton 
is first thoroughly ooiled out with soda, well rinsed, hydro extracted, and stretched. 25 kg. are then 
turned for half an hour in a padding liquor made up to 500 1., after pouring together the following 
solutions: 60 kg. aniline salt dissolved in 520 1., 2.75 kg. bluestone (copper sulphate) dissolved 
in 50 1., 18.8 kg. sodium chlorate dissolved m 37 1., 2 kg. ammonium chloride dissolved in 12 1., 
and 18 1. of an aluminium acetate solution (sp. gr. 1.075). The yam is then wrong or hydro- 
extracted lightly until it retains about its own weight of liquor. It is then well stretched, placed 
on wooden laths which have been wiped over with the padding liquor, dried, and aged. The drying 
and ageing are conveniently carried out in the same chamber; the drying takes about four to six 
hours, the ageing proper is begun by carefully admitting steam until the dry bulb thermometer registers 
35° C., the wet bulb 30° C. The ageing chamber is fitted with a powerful fan at the top, which 
draws in air through the bottom ; this air is heated by means of pipes which also serve for the intro¬ 
duction of steam. While in the ager the yam is turned every two hours ; the ageing occupies about 
six to eight hours. After leaving the ager the yarn is chromed by turning quickly for ten to fifteen 
minutes at 75°-8o° C. in a bath containing 3 kg. bichromate and 0.75 kg. sulphuric acid per 1,000 L 
It is then thoroughly rinsed, soaped, rinsed again, and dried. 

A process which bids fair to become of the very greatest importance in the 
production of aged blacks has been recently patented by A. G. Green. In it the 
only oxidising agent employed is atmospheric air. This is accomplished by making 
use of the observation that a small quantity of a diamine, eg ., paraphenylenediamine, 
constitutes, when associated with a copper salt, a catalytic system by means of 
which aniline can be readily oxidised by air alone. 

In the Steamed Blacks the oxidising substance is essentially potassium 
ferricyanide. The cotton may be padded with a liquor containing 75 kg. aniline salt, 
35 kg. sodium chlorate, 40 kg. yellow prussiate of potash per 1,000 litres; it is then 
dried at a temperature not exceeding 50* C., and the black then developed by steam 
in a few minutes in a suitable ager. 

The advantage of this process over the ageing method lies in its rapidity and in the fact that 
there is little risk of tendering, as very little mineral acid is given off in the presence of the potassium 
ferrocyanide; its disadvanta^ lies in the greater expense. 

Various other bases besides aniline may be oxidised on the fibre to produce 
aniline blacks or other dyes. Thus a black is obtained from /-amidodiphenylamine 
and a brown from /-phenylenediamine. 
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Ice Colour (see pp. 442, 450, 545) 

The ice colours are employed in cotton dyeing. They belong to the class of 
insoluble azo dyes, and are produced on the fibre itself (p. 545) by the same chemical 
processes by means of which azo dyes are manufactured in the colour works. 

As is well known (see p. 441), the following operations are carried out in the production oi 
azo dyes : First an aromatic base is diazotised by dissolving it in an excess of acid, cooling the solution 
with ice, and adding to it a solution of sodium nitrite. As soon as the starch iodide test shows that 
the nitrous acid is no longer being used up in the chemical reaction, the diazotised solution is poured 
into an alkaline solution of a phenol, or it is allowed to act on a slightly acid, neutral, or alkaline 
solution of an aromatic base (see pp. 442, 450). 

In the production of azo colours in the cotton fibre, the latter is always 
impregnated first with the alkaline solution of the phenol. / 3 -naphthol is the sub¬ 
stance almost exclusively employed for this purpose. The cotton is padded in small 
quantities at a time in a strong solution containing the naphthol and caustic soda 
and some turkey-red oil. The material is then hydro-extracted and dried quickly 
in a well-ventilated room at medium temperature. After it has been thoroughly 
well cooled it is ready to be developed by introducing it into the solu¬ 
tion of the diazotised base. Various substances producing different shades, viz., 
diazotised paranitraniline, chloranisidine, alphanaphthylamine, and other diazo 
bodies are in use for this purpose, but the first-named is the easiest to work 
and the most frequently employed. The dye obtained is known under the name 
of paranitraniline red. The diazotisation is in this case carried out by pouring 
together the very carefully weighed out chemicals, and should take place at a low 
temperature (say io° C). The temperature should never rise higher than about 
15 0 . Since a strongly acid solution, like the one obtained in this operation, will 
not couple with a phenol, it becomes necessary to make it either neutral or feebly 
acid by the addition of caustic soda or sodium acetate respectively. The solution 
must not be made alkaline since diazo solutions are unstable in this condition. 

It is thus obvious that great care must be taken by the dyer in weighing out his chemicals. As 
a rule, his weighings alone are relied upon to give the right proportions, and are not checked by 
special tests. Compared with other diazo salts, those derived from ^-nitraniline are exceptionally 
stable, and it is a great advantage to the dyer that these diazosalts may be obtained commercially, 
ready made. They are sold mixed with indifferent substances, such as aluminium or sodium sulphate, 
to render them non-explosive, and are found on the market under the names of Nitrazol C (Cassella) 
and Azophore red (M.L.B.). Another product of a similar nature is nitrosamine red (B. A.S.F.) 
which represents/-nitrophenylnitrosamine sodium (antidiazo-^-nitrobenzene sodium). This substance 
is converted into /-nitrodiazobenzene chloride by simply adding hydrochloric acid in the cold to its 
solution. It is then allowed to stand for half an hour, and on the addition of sodium acetate it is 
ready to be employed in the process of developing. 

In conjunction with the ice colours the two processes known respectively as 
“ diazotising and developing ” and as “ coupling ” must be considered here. Both 
processes are employed extensively as methods of after-treatment for the direct 
cotton colours. The last-named is also applied occasionally to cotton, dyed with the 
sulphur colours. 

The majority of direct cotton colours belong to the class of amido bodies, some 
to the class of phenols. The former may be subjected to both methods of after- 
treatment under consideration, the latter only to the second. In the first-named 
process the dye is diazotised on the fibre, and the compound formed, coupled with 
the solution of a suitable developer, i.e.> either an amido body or a phenol. In the 
second process the dyed fabric is treated directly with the solution of a diazotised 
base, or of one of the commercial diazo bodies mentioned above. 

The following prescriptions will illustrate the methods:— 

Diazotising and Developing.— Wash the material well after dyeing with the direct cotton 
colour and then work for fifteen to thirty minutes cold in a dye bath charged with 1-3 per cent sodium 
nitrite and 5-10 per cent, spirits of salt (hydrochloric acid). The cotton is lightly rmsed and passed 
without delay or unnecessary exposure to light and air into the cold developing bath in which it is 
worked for fifteen to thirty minutes. It is then washed and dried. Of the numerous developers 
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which may be employed, the following may he mentioned : Phenol, Resorcinol, Alpha and Reta 
Naphthol, Para-amidodiphcnylaminc, etc. The first four are dissolved in caustic soda, the last 
named in the minimum amount of hydrochloric acid. 

Prescription for “coupling” for loo kg. cotton : Make o.5-0.6 kg. of paranitranilinc into a paste 
with an equal quantity of hot water, then add i-ij 1. of cold water and 1.5 kg. hydrochloric acid 
(sp. gr. 1.16) and let stand until the mixture has cooled to 20° C. Then stir in 2 kg. broken ice 
and add all at once ^ kg. solid sodium nitrite, taking care that the temperature does not rise above 
10° C. Pour this solution into the coupling bath which has been filled with cold water, and add 
a solution of kg. crystallised sodium acetate. Enter the dyed and rinsed cotton, work for about 
thirty minutes, rinse, and dry. 


Mineral Colours 

Although largely displaced by modern o 41mic dyes, yet a few mineral colours 
have still retained a certain degree of ini] ortance in cotton dyeing. They are 
always produced in the fibre itself as 
insoluble pigments from substances 
which are not dyes. 

Chrome Yellow and Orange. —T1 iese sub¬ 
stances consist of ordinary and basic lead chro¬ 
mates respectively (seep. 500). Chrome yellow 
may be produced by fixing lead oxide on the 
fibres, and then passing it through a hot dilute 
solution of potassium dichromate. The first- 
named operation is carried out by impregnating 
the material with a soluble lead salt, and then 
passing it through dilute lime water. Another 
method of procedure consists in impregnating 
the cotton first with an alkaline lead solution 
containing, say, Aj per cent, lead acetate and 
0.8 per cent, caustic soda (on the water), and 
then passing through an acidified solution of 
bichromate containing, say, I per cent, of 
bichromate and J per cent, sulphuric acid. 

Chrome orange is obtained by dyeing the 
cotton first with chrome yellow, washing, and 
then working in boiling clear dilute lime water 
until the desired shade has been obtained. 

Manganese Brown is obtained by im¬ 
pregnating cotton with a solution of manganous 
chloride, and then passing it through a hot 
solution of caustic soda (sp. gr. 1.01) free from 
carlxmate. Colourless manganous hydroxide 
is thus precipitated, which is converted into 
the brown higher oxides of manganese by 
exposure to air and a passage through a weak 
solution of bleaching powder. 

Mineral Khaki may he obtained by im¬ 
pregnating the cotton with a mixture of ferrous 
and chromic acetates. After drying, it is then 
steamed in a rapid ager which leads to the 
production of a mixture of basic ferric and 
chromic acetates on the fibre. These are further fixed by passing the goods through a boiling 
solution containing a mixture of sodium carlxmate and sodium hydroxide. 

Iron Buff consists of ferric hydroxide, and may be dyed on cotton by the same method employed 
for manganese brown, only substituting green vitriol for manganous chloride. It may also be obtained 
by successive treatment with a ferric salt and caustic soda or lime. 

Prussian Blue may be obtained on cotton by first dyeing it an iron buff, and then working it in 
cold solution of potassium ferrocyanide containing, say, 2 per cent, ferrocyanide, 1 per cent, sulphuric 
acid, on volume of bath (see p. 502). Prussian blue is frequently employed as a groundwork in 
the dyeing of heavy blacks on silk. 

Prussian blue is also dyed on wool. It is usually obtained by the oxidation at a high temperature 
of hydroferro or hydroferri cyanic acid liberated respectively from potassium ferro, or potassium ferri 
cyanide. An addition of a stannous mordant improves the colour. 

The wool may be introduced into a cold bath containing 10 per cent, red prussiatc of potash and 



Fig. 223.—Section of Three-Colour 
Printing Machine. 
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20 per cent, sulphuiic acid (on weight of wool). The temperature is gradually raised to boiling and 
maintained thus for about hdf an hour or more. Alx>ut 1-2 per cent, of stannous chloride may be 
added towards the ei.d of the operation. 

COLOUR PRINTING OF CALICO 

In colour printing the dyes are confined to certain portions of the fabric, being 
printed on by special rollers and prevented from spreading to neighbouring parts by 
the addition of thickening agents to the dye, such as starch paste, dextrine, gum 
arabic, gum tragaeanth, albumen, casein, and similar substances. The dyes are 
usually applied in a water-soluble form, as in dyeing, and are fixed in the fibres by 



Fig. 224.—Twelve-Colour Printing Machine. (Mather & Platt.) 


suitable mordants followed by steaming in chambers. Sometimes insoluble colour¬ 
ing matters are fixed on with adhesives—-usually blood albumen (see p. 597); 
on steaming the albumen coagulates and fixes the dye in an insoluble wash-fast 
form on the fibre. Such colours are known as “albumen colours/’ and comprise 
insoluble mineral colouring matters, such as ultramarine, Guignet's green, chrome 
yellow, cinnabar, zinc white, etc. 

The printing is carried out by means of hollow copper rollers, usually i-i J yds. 
long by 4-6 in. in diameter, provided with a steel core. The patterns are etched on 
the copper by means of acid in the usual way, the colour collecting in the hollows 
of the roller and being pressed on to the cloth as it passes under it. Each colour 
has its own roller with its own special pattern. Printing machines are now made in 
which one to fourteen colours axe printed on the cloth m a single operation, usually 
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on one side only of the fabric, but in duplex machines the patterns, exactly 
corresponding, are printed on both sides. 

Fig. 223 shows the principle of a printing machine (three-colour), a is a large hollow iron 
roller a yard or more in diameter, covered with a thin layer of cloth; over this and over a smaller 
roller b runs the endless rubber cloth d ; over this runs the cloth /which is to be printed, together 
with a supporting cloth e ; h x> h. 2i h :t are the printing rollers, which take up colouis from the 
rotating rollers placed in the colour cisterns & l9 A# A ti ; any excess of colour is scraped off the 
piinLing rollers by the special knife edges r, r, r pressing against them. ’The cloth f as it passes 
Itetween each printing roll and the large iron cylinder has a colouied pattern printed on it. The 
cloth then passes away and is immediately dried (to prevent the colours from running) by passing 
o\er hot plates £, g or into a hot air drying chamber. The colours are then fixed by steaming in a 
special chamber. 
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The printed cotton cloth is always “finished” in order to weight it and give it 
a better appearance. The finishing materials consist of starch paste (“size”), mixed 


with such mineral salts as kaolin, 
gypsum, barium sulphate, magnesium 
sulphate, chalk, etc. If a highly 
glazed surface is required a little 
paraffin or soap is added. To obtain 
a pure white, and correct any yellowish 
tinge, it is usual to mix in ultramarine 
or other suitable colouring matter in 
small amount. A “ soft ” touch is 
imparted to the cloth by the presence 
of magnesium chloride, calcium chlo¬ 
ride, or glycerol, which are all hygro¬ 
scopic. The finishing paste is evenly 
spread over the cloth by means of 
“ sizing ” machines, and dried by 
passing the cloth over hot drums. 
Shrinkage is avoided by drying in a 
stretched condition in special frames. 
The goods are then “calendered” 
by passing between hot smooth 
steel rollers, whereby they acquire 
a fine glaze. A fine silky appear¬ 
ance may be given to cotton goods 
by stamping or subjecting to very 
great pressure between special rolls 
(satin). Woollen goods (e.g., flannel) 
may be given a rough hairy appear¬ 
ance by passing over rotating cylin¬ 
ders provided with fine steel points, 
woollen goods in soap solution, whei 





Fig. 225.—Fourteen-Colour Printing Machine. 
(Mather & Platt.) 

Cloth is made by mechanically working 
)y the fibres become more or less matted 


562 


INDUSTRIAL CHEMISTRY 


together (“milling” or “fulling”). For particulars of this and other special 
processes works on cloth-making must be consulted. 
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In the following pages the writer has endeavoured to give, as far as possible, a 
review of the processes through which the raw hide or skin passes during its con¬ 
version into leather. From the exigencies of space it is evident that the merest 
outline only can be given of some of the more typical methods, since no two 
factories follow exactly the same method of procedure, and the possible modifica¬ 
tions of the standard* processes are endless. 

A short account of analytical processes is given in those cases only in which 
they differ from, or are not included in, the ordinary methods of quantitative 
analysis. 

The writer wishes to acknowledge the help received from information contained 
in Professor Procter’s “ Principles of Leather Manufacture,” also his thanks to Mr 
J. T. Wood for reading the proofs. 

The illustrations are from blocks kindly supplied by Messrs T. Haley & Co., 
Bramley, Leeds. 

The magnitude of the leather industry may be gauged by the following statistics • 

Imported into the United Kingdom. 



1906. 

1910. 

Value in 191a 

Undressed'leather. 

Dressed leather. 

Varnished, japanned, or enamelled leather 
Leather machinery belting 

Leather boots and shoes 

Leather gloves. 

Other manufactured leather goods - 

Dry raw hides. 

Wet raw hides. 

925,252 cwt. 
3 ^ 0.144 M 

6 , 54 * „ 

4.457 .» 

211,501 doz. pairs 
1,513,88s „ 

484,218 cwt. 

533.678 .. 

904.205 cwt 
271,366 „ 

7.095 .. 

3,069 „ 
168,236 doz. pairs 

*,367,498 .. 

516,896 cwt. 

764,155 ,. 

.£5,051,827 

4.336,677 

241.167 

38,297 

i 673,674 

1,561,753 

595.020 

1,855,804 

2,417,028 

Total 

*+* 

... 

£16,771,247 
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Exported from the United Kingdom* 



1910. 

Value. 

U ndressed leathei. 

Dressed leather . 

Varnished, japanned, or enamelled leather 
Leather machinery belting 

Leather boots. 

Leather gloves .... 

Other manufactured leather goods - 

Raw hides. 

105.373 cwt. 
II 3 . 9 I 9 

1,262 ,, 

39,443 „ 
1,086,638 doz. pairs 
228,870 „ 

196,962 cwt. 

^885,848 
1.892,569 
3 M 2 3 
515.450 
3,029,892 
344,119 
527,887 
552,021 

Total ... 

j 

£7,784,209 


The following statistics refer to the United States :— 

Imported into the United States. 



1910. 

Value in 1910. 

Patent, japanned, or varnished leather 

1,230 cwt. 

$237,000 

Skins for morocco. 


1 , 994 , 00 ° 

Upper, dressed and finished - 

• 1 

972,000 

Calf skins, tanned. 

Mi 

270,000 

Chamois and other. 

• • « 

1,356,00° 

All other. 


2,779,coo 

Manufactured leather, gloves * 


7,782,000 

,, „ all other 


1,476,000 

Hides (cattle, goat, sheep, etc.) 

5,434,000 cwt* 

112,247,000 


Exported from the United States. 



1910. 

Value in 1910. 

Sole leather. 

342,200 cwt. 

$8,308,000 

Upper leather. 

Manufactured leather— 

15,988,000 

Boots and shoes. 

7,257,000 pairs. 

12,409,000 

Harness and saddles. 

842,000 

All other. 

... 

1,982,000 

Hides and skins. 

130,700 cwt. 

1,738,000 


(For Tanning Materials see p. 575.) 

The object of leather manufacture, as defined by Professor Procter, is the con¬ 
version of the “ putrescible animal skin into a material which is permanent and not 
readily subject to decay, while retaining sufficient softness and flexibility for the 
purposes for which it is intended.” 


Theory of the Tanning Process 

The nature of the change which the raw hide undergoes during the process of 
its conversion into leather is not well understood. The issue is complicated by the 
fact that the raw materials (including the gelatigenous hide fibre, the vegetable tannins, 
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and the basic mineral salts used in tanning) are “colloidal,” and follow the laws of 
colloidal chemistry, a branch of the science neglected till very recently, but in the 
investigation of which great strides have been made during late years. The main 
point at issue is whether the process is to be looked upon as a chemical combination 
between gelatine and tannin, or a mutual co-precipitation of colloids. 

Sir Humphry Davy* in 1803 precipitated solutions of gelatine by tannin and found that the 
quantity of precipitate produced is not always exactly proportional to the amount of gelatine and 
tannin m the solutions used, but is influenced by the concentration of the solutions. J. T. Wood,+ 
working on similar lines, considers the precipitation neither purely chemical since the gelatine-tannin 
compound is not of constant composition, nor purely physical since the precipitation does not obey 
the solution laws, which require the concentration of tne tannin in the solution and in the precipitate 
to maintain a constant ratio. The physical theory was first proposed by Knapp in 1858, who was 
also the first to recognise the fact that the conversion of skin into leather consisted of the drying of 
the fibres without allowing them to adhere. Stiasny J thinks that the hide first adsorbs the tannin 
from its colloidal solution, and then the tannin undergoes a further change under the catalytic action 
of the hide fibre. He explains the increase of insoluble matter which goes on after the leather is 
tanned as due to further chemical changes in which oxidation plays a large part. Fabrion, from the 
result of a large number of experiments in chamois, aldehyde, vegetable and mineral tannages, 
thinks that leather consists of a salt of the oxidised hide fibre.§ Though holding that the true 
tanning process is purely chemical, he recognises that the simultaneous physical processes of 
capillarity, diffusion, and adsorption are indispensable. He points out|| that the inner parts of the 
hide are accessible to crystalloids only and differentiates between true tannages in which the con¬ 
densation takes place directly between the tanning agent and the hide fibre, and pseudo-tannages in 
which the tanning agent undergoes some change before acting as such. 

Dr J. von Schroeder IT considers tanning primarily an adsorption process, and that the adsorption 
compound undergoes a change in the course of time, resulting in a more stable union of the tannin 
with the hide fibre. He finds that tannin is not taken up by hide powder from alcoholic solution, 
and from this emphasises the importance of the action of water in swelling the fibre and thus render¬ 
ing it in a condition to be precipitated by tannin. The final solution of the problem will probably 
lie in regarding the process as the effect of both chemical and physical forces acting in conjunction. 


The Raw Skin 

The structure of the skin of all the mammalia is essentially the same though 
differing greatly in thickness and texture according to its origin. So far as leather¬ 
making is concerned skin may be taken as consisting of two layers, the outer 
constituting the epidermis or epithelium (e, Fig. 226), and the inner the corium 
or dermis (c), the true skin. 

The epidermis, which is completely removed in the operations of liming, etc., before tanning, 
is very thin in comparison with the true skin. Its inner surface consists of a mucous layer, the “ rete 
malpighi ,” which is in contact with the corium and is made up of soft cells, of which the wall is 
composed of keratin. These cells in the living organism are continually being forced toward the 
outer surface, their place being taken by new ones. As they approach the surface they become 
flattened and finally dry, and forming a horny layer, drop off. The epidermis is thus in a continual 
state of renewal. Separating the epidermis from the conum is the hyaline layer. This constitutes 
the extremely thin “grain” surface of the tanned leather and is of a different structure from the rest 
of the corium, which is apparent from the different colour of the leather in any place from which it 
has been removed before tanning. The hair (h, Fig. 226) and sweat (s) and fat-glands (t) are 
developed from the epidermal layer, and the hair in the early stages of its growth grows backwards 
into the corium, whence it derives its nourishment. 

The structure of the corium or true skin differs essentially from that of tne epidermis, and consists 
of bundles of interlacing fibres which are themselves composed of fibrils of extreme fineness cemented 
together by a somewhat more soluble substance. The texture is looser in the centre of the skin, 
especially so in sheep skins of which the grain and flesh may frequently be torn apart. The structure 
becomes much more compact at the surface just below the epidermis and constitutes the pom papillaris 
or “ grain ” and contains the fat-glands. The appearance of Ibis surface and the arrangement of the 
hair-openings is frequently the only evidence from which the origin of the skin, after tanning, can 
be deduced. The dermis also contains fibres of another character termed the “elastic fibres,” 


* Phil, Trans,, 1803, 233. 

+ /bum, Soc . Chern, Ind, } 1908, 384. 

X Zeitsch,/, Chemie und Industrie der Kolloide , 1908, vol. 9. 

8 Zeit, fiir Angew, Chemie , 1909, 2083-97, 2135-44, 2187-94. 

Jj Collegium , 1010, 240-259. 

IF “Zur Kentniss des Gerbprozesses ” (Kolloidchemischen Beiheften), 1909. 
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Fig. 226.—Vertical Section through Skin. 


these are yellow in colour and differ greatly from the rest of the skin substance in their 1 cm stance 
to dilute acid, which causes the fibres of the connective tissue to swell and become transparent while 
the yellow fibres arc unaffected. 

The chemical composition of the white connective tissue corresponds very 
closely to that of gelatine into which it is converted by boiling with water. Von 
Schroeder and Paessler give the following figures for the ultimate analysis of purified 
cormm : C 50.2 per cent., H 6.4 per cent., N 17.8 per cent., and O 25.4 pei cent. 

An important property of gelatine or hide fibre, from the tanner’s point of view, is its capacity of 
combining both with acids and bases, which it does by\irtue of the amido and cad kajI groups 
contained in the molecule* Under the action of dilute alkalis or acids, or by heating under "pressure, 
gelatine is converted into peptones which do not gelatinise on cooling but lesemble gelatine 111 being 
precipitated by tannin and meta-phosphoric acid. Longer periods of such treatment or raising to 
higher temperatures result in the final splitting up of the molecule into nitrogen, ammonia, water, and 
carbonic acid, with amido acids as intermediate products. Similar products are the lesult of the 
action upon gelatine of gastric and pancreatic juice and enzymes secreted during the grow th of bacteria. 
The interfibrillar substance of the raw hide consists of corium which differs from the connective tissue 
in some respects, notably in its greater susceptibility to solution by dilute solutions of caustic alkali. 
Procter, however, considers it probably merely an impure degradation product of hide fibre 01 gelatine. 

The epidermis, hair, and glands belong, chemically, to the class of “Keratins.’ 7 
They are more readily attacked by caustic alkalis than is the geiatigenous hide 
fibre, hence the use of lime for the removal of hair and epidermis. They also differ 
from gelatine in not swelling in cold water, only dissolving in hot water at tempera¬ 
tures above ioo° C. 

The raw material for the manufacture of leather may be taken as consisting of 
three classes—hides, kips, and skins. 

Hides consist of the skins of oxen, cows, and horses. In addition to the fresh 
market hides of home origin, sun-dried hides are imported from the Argentine, 
Uruguay, China, and Africa, and from America, Europe, and the Colonies in the 
salted condition. 
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Kips are the skins of small native cattle, imported mostly from India either in 
the dried or dry-salted condition, or after a rough and incomplete native tannage. 

For the manufacture of the lighter kinds of leather the major part of the raw 
material consists of the skins of calves, sheep, and goats. Skins of deer, pigs, and 
seals are also used to some extent. The skins of snakes, alligators, and some fish 
yield a leather which is much used in the manufacture of fancy articles. Much 
leather is made in Australia from the skins of the kangaroo, wallaby, and other 
marsupials. Hippopotamus, elephant, and walrus hides are tanned into a very stiff 
and thick leather used in the “ buffing ” of cutlery. 

Water. —In an industry such as we are dealing with in which such large 
quantities of water are used, the quality of the water supply is of extreme importance. 
The presence of a large amount of lime and magnesia compounds results in a great 
loss of tannin, which is rendered inactive through the formation of an insoluble 
precipitate. Even in cases where no combination takes place the presence of 
dissolved salts in water used for leaching tanning materials materially reduces its 
efficiency. 

Eitner* has studied the effect of water, containing various salts in solution, on the raw hide. 
In his experiments the hide had been unhaired by sweating, and was kept in contacriwith the solutions 
fur four days at a temperature of 46° F. Water containing lime sulphate and magnesia sulphate had 
the greatest plumping effect, while the carbonates of lime and magnesia present in the same strength 
produced a moderate plumping. The chlorides of magnesia and sodium had a repressing action, as 
hide in these solutions was less plumped than in distilled water. He also found that hide was well 
plumped in water saturated with CO* These results, being obtained with the use of sweated hide, 
will naturally not hold in the case of a limed hide. Thus a limed hide brought into water containing 
carbonic acid or bicarbonates will “full” on account of neutralisation of the lime. The precipita¬ 
tion of calcium carbonate in this manner is frequently a source of trouble, as scudding is thereby 
rendered difficult and the knife is liable to break the grain. The weak acids in the bates and puers 
will remove lime but not the calcium carbonate, which is dissolved by the drench acids, leaving the 
skin, however, permanently damaged in those portions in which the “blasting” has occurred. 

Iron is especially objectionable if present to any appreciable extent in the water 
used for preparing goods for tanning, its presence resulting in a bad colour by 
combination with tannin. Decaying organic matter and the presence of bacteria 
are objectionable,, and a frequent source of danger in the soaks. Where the hard¬ 
ness of the water supply is such as to render its use impossible, one of several 
methods of softening are employed. 

Soaking. —The treatment undergone by the hides or skins previous to entering 
the limes*is modified by the state of the goods or the method of preservation used 
Hides which have been preserved by the use of salt require more washing than fiesh 
ones, in order, as far as possible, to remove the salt which would otherwise hinder 
satisfactory plumping in the limes. Dried hides and skins require a comparatively 
long soaking before the requisite degree of plumpness and flexibility is attained, 
while with fresh market hides the object of soaking is simply the mechanical removal 
of blood and dirt. 

The use of putrid soaks was formerly much resorted to, but is largely superseded 
owing to the loss of hide substance thereby incurred, and the danger of destruction 
of the goods by excessive bacterial action. Softening and cleansing is much hastened 
by drumming in the tumbler (Fig. 227), through which a stream of water is kept 
running as the drum revolves. A more violent softening treatment is that of working 
in the “ faller-stocks ” (Fig. 228) in which the goods are placed in a wooden or metal 
box in which two heavy hammers, actuated by pins on the circumference of a 
revolving wheel, fall alternately. 

Mechanical treatment has been rendered unnecessary to a large extent by the 
addition of various swelling agents in small quantities to the soak water. Solutions 
Of caustic soda (i: 1,000) or sodium sulphide (1J-3 :1,000) as suggested by Eitner 
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are the most commonly used, 
swelling hung rapidly obtained, 
and all danger of putrefaction 
being avoided Solutions of sul¬ 
phurous acid and dilute mineral 
acids are also used. 

Depilation 

A method of depilation which 
was practised more ge nera.ll) in ear 
her times and still to a considuable 
e\t( nt is that b> means of “ sweat 
ing.” r I he hides or skins are hung 
in a closed chamber in a damp 
atmosphere and with little or no 
ventilation. Ammonia is produced 
m large quantities by bacterial 
action on the hail roots, and the 
hair 01 wool is quukl) loosened 

I hen is alwavs (linger of damage to the grain b> excessive bat tcml ution, and ihe piocess tinds 
its principal application in the removal of wool from shetn skins whcic tin wool rtmoved is num 
v duahle than the skin It is also used for the removal of hur fiom hides lor sole leathei, but the 
process was never a success m Lngland, prohabl) on account of bid lnanageinent (ioods which 
luve been sweated must he brought into a swollen condition before tanning—this is done eithti ly 
a substqutnt treatment with lime oi bv acid in the tailicr liquois 

The general method of unhairing is b) the use of linu I Ins step in the 
liianufacUue of leather is the one* which has undergone least modification in the 
light of increasing scientific knenvledge 

The reason for this piol>abl) lies in the exceeding safeness of the process I he limited solubility 
of lime (i satuiattd solution is of about one twentieth normal strength) imposes a limit on the strength 
of the alkaline solution, and the tanner cm, and alvsays does, use a luge cxeessof lime The 
slowness of its action, also, permits of the proper duration in time of liming to be gicati) exceeded 
without material damage to the goods The removal of hair, although the most apparent of the 
effects of the liming proctss, is only one of the results attained by it The hide substance, as shown 
ibove, consists of an agglomeration of fibres which are themselves capable of being split up into bundles 
of exctcdmgl) fine fibrils. This is actually brought about in a full> limed skin, winch, on that 
acc< unt, offers an enoimousl> increased surface to the tanning liquor which coats each fibre with m 
insoluble and isolating covering. Solution of the mterfibrillar substance also takes pi ice in the lime 




Fig. 228.—Faller-Stocks. 
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liquors, which are regulated according to the class of goods for which the skin is intended. Thus, this 
solution of hide substance is reduced to a minimum in the case of hides for sole leather, while, with 
light skins, in which suppleness and softness are aimed at in the finished article, it is encouraged and 
carried further in the puer-shop. In the case of skins to be tanned with chrome, which is, in itself, 
an “ empty” tannage, solution of interfibrillar matter is kept at a minimum. 

Lime is received at the tanyard in the form of quicklime, CaO, and requires to 
be slaked before use. 

The presence of magnesia, MgO, is objectionable, as it causes the “slaking” process to be 
extremely slow, and may result in the damage of the goods by burning holes in them. 

The method, and also the duration, of liming varies greatly in different yards, 
and also for different classes of goods in the same yard. Von Schroeder recom¬ 
mends the proportions of 6 lbs. of lime to ioo gals, of water. 6 per cent, of lime 
on the weight of the hides is known to be sufficient; many tanners, however, use 
10-15 per cent, on the weight of the hides. 

The two main systems of liming are the old French system and one in which the hides are 
taken right through the process in one pit. In the old French system the goods pass through three 
pits containing respectively an old, medium, and new lime. The new pit after having one pack of 
goods through becomes a “medium” lime, and the medium, in the same way, an old, while an old 
lime is run away after having the one pack of goods through. In the one-pit system the liquor is 
strengthened up from time to time by running away part and adding fresh milk of lime. The hides 
are simply laid horizontally one by one in the milk of lime and drawn out (“hauled”) and replaced 
(“set”) once, or even twice a day. Skins are frequently limed in paddles, and systems are in use 
in which the hides are suspended vertically in a pit m which the liquor is kept in movement by an 
agitator near the bottom of the pit. A method, used largely in America for sole leather, known as 
the Buffalo method, consists in treating the hides with lime for a short time, frequently with the 
addition of sulphides, followed by warm water, by means of which they are quickly in a condition for 
unhairing. Messrs Payne and Pullman # have patented a method by means of which lime is pre¬ 
cipitated in the interior of the hide with a great saving of time and capability of modification 
according to the requirements of the goods. This is accomplished by treating the goods first in a 
2 per cent, caustic soda solution, followed by a ij per cent, solution of calcium chloride. The 
previous treatment of the goods in a putrid soak liquor is necessary if the hair is to be removed, as 
the process does not accomplish this without the aid of bacterial action. 

The time necessary for thorough liming varies with different classes of goods; 
hides are usually given from seven to ten days while sheep skins require a longer 
time. 

The time of liming is greatly shortened by the addition of various substances which “sharpen” 
the lime. Sodium sulphide to the extent of J per cent, on the weight of the hides is a very common 
addition which loosens the hair very rapidly, and lessens the solution of hide substance. Alkaline 
carbonates accelerate the liming action by increasing the alkalinity of the solution. Red arsenic 
sulphide and calcium sulphydrate are also used. Sheep skins, from which the wool must be removed 
with as little damage as possible, are treated on the flesh side with a paste of lime and sodium sulphide, 
and laid in pile, and after a few hours the hair is pulled off without having come in contact with the 
alkali. 

The hair is removed by working with a blunt knife (Fig. 229) over a sloping 
convex beam of wood with a zinc covering, and the hides are placed in water as 
soon as possible after that operation in order to prevent carbonation of the lime 
through contact with the air. It is often difficult to remove the short under hair 
which is more deeply rooted than the rest; this can often only be effected by shaving 
with a sharp knife. 

There are several machines in use for the removal of hair; in the Leidgen machine, one of the 
most commonly in use, a cylinder fitted with blunt knives revolves against the surface of the hide 
which is kept in contact with it by the pressure of a rubber apron. The hides are also fleshed after 
the liming process. This is done with a heavy two-handled knife (Fig. 229) over a beam similar to 
the unhairing beam. The knife differs from the unhairing knife in having both its edges sharp, and 
the action is partly scraping and partly a cutting one; the mechanical action of the knife in forcing 
out fat, etc., is also important Manual labour has, in this process also, been partly superseded by 
machines of which the Jones and the Vaughan fleshing machines are the most important. 

Chemical Control of the Lime Yard. —The alkalinity of a lime liquor increases with its age 
owing to the formation of amines and ammonia as the final products of the splitting up amino acids 


English Patent, 2,873, *898. 
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Fig. 229.—Tanners’ and Curriers’ Tools. 

A. Unhairing Knife d. Shaving Knife H. Arm-Board 

B. Fleshing Knife e, f. Curriers’ Steels K. Moon Knife 

c. Pit Hook G, g. Slickers L, Bounding Knife 


derived from the hide substance. The alkalinity of a lime liquor in which lime alone has been used 
therefore affords a very good indication of its age. (A saturated solution of CaO at the ordinary 

N 

temperature has an alkalinity of aljout 4.7 c.c. ~ Q HC 1 per 10 c.c.) 

Dissolved hide substance is determined by the usual Kjeldahl method after evaporating with 
a little dilute sulphuric acid. The percentage of nitrogen multiplied by 5.62 will represent the 
amount of dissolved hide substance, 

A useful test of the amount oxhide substance dissolved in a lime liquor has been proposed by 
Seymour-Jones. 50 c.c. of the filtered liquor is placed in a cylinder and made slightly acid} Saturated 
salt solution is then added to make the volume up to 100 c.c. The gi eater part of the bide substance 
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is thus precipitated, and collects at the surface of the liquid, and by measuring its volume after a 
definite period of time the test may be made roughly quantitative. 

Ammonia is determined by boiling the liquor for fifteen to twenty minutes in a flask connected 
with a condenser, and absorbing the ammonia evolved in a known volume of standard acid which 
is then titrated back. For improvements see Procter and M‘Candlish.* 

Sulphides may be estimated by the volumetric method, using zinc sulphate solution. 


The Vegetable Tanning Materials 

The present state of knowledge with regard to the constitution and classification 
of the tannins is unsatisfactory. In many cases each material contains a different 
variety of tannin, and the tannin even from the same plant may be of a different 
constitution as it resides in a different part of the plant (wood, bark, fruit, etc.). A 
certain broad distinction, however, may be drawn between the tannins according to 
their reaction with a solution of a ferric salt. Pyrogallol tannins yield a blue black 
colour when treated in this manner, while catechol tannins give a greenish black 
colour. This distinction is, in the main, borne out in their behaviour when used 
as tanning materials. Catechol tannins also give a precipitate with bromine water 
which is not the case with pyrogallol tannins. 

The constitution of two members of the pyrogallol group has been determined with reasonable 
certainty. These are gallotannic acid (from gall nuts), which is probably di-gallic acid, and yields 
gallic acid under the action of dilute acids and some unorganised ferments, and ellagitannic acid 
(usually present in mixture with gallotannic acid), which yields ellagic acid under the same conditions, 
and is the source of “ bloom ” deposited by some tanning materials, notably myrobalans, valonia, and 
divi-divi. The tannins of the catechol group, on the other hand, yield no gallic acid or bloom on 
boiling with dilute acids, but generally give a deposit of “ reds,” which are anhydrides of the tannin 
and insoluble in water. The lower anhydrides are not completely insoluble, and form the difficultly 
soluble portions of many tanning materials. They may be brought into solution completely by the 
use of alkalis or alkali sulphites, which is done to a great extent in the manufacture of soluble 
quebracho extracts. (See Inks, p. 490; and Dyeing, p. 548.) 

Tannin is usually present to the greatest extent in the bark in the interior of 
thick-walled cells. The outer dead covering of bark (“ ross ”) in most cases contains 
very little tannin. The percentage of tannin in wood is usually low, though in many 
cases its extraction is rendered commercially practicable by the cheapness of the raw 
material. Insect galls often contain a very high percentage of tannin which is here 
undoubtedly a morbid secretion of the plant induced by the puncture of the insect. 

The following are some of the more important vegetable tanning materials:— 

Algarobilla consists of the pods of several of the Csesalpinias, chiefly C. brcvifolia, a native of 
Chili. The tannin, being held loosely in the fibre, is very easily extracted. It is one of the strongest 
tanning materials known. A sample of the pods, freed from seeds, examined by the writer, showed 
60.8 per cent, of tannin by the official method. 

Babool, Acacia arabica .—The bark containing 12-20 per cent, tannin is used to a considerable 
extent in India. The pods, which also contain tannin, are used in India for bating. 

Canaigre, Rumex hymtnasepaium , is grown in Mexico and Texas. The tuberous roots contain 
when dried 25-30 per cent, of a catechol tannin. It is prepared by slicing thinly and drying rapidly, 
and gives a leather of a bright orange colour. 

Chestnut, Costarica vesca . —The bark contains tannin up to 17 per cent, but is not much used 
as a tanning material. The wood, containing 3-6 per cent, tannin, is used in great quantity in the 
manufacture of chestnut extract. 

Divi-divi, Casalpinta coriana . —The tree is a native of Central America. The dried pods contain 
40-45 per cent, tannin which is used as a partial substitute for gambier. 

Gambier, Nauclea gambit —A climbing shrub of the East Indies. The material appears in 
commerce as cube gambier, a hard earth-like substance containing about 45 per cent, tannin, and 
as block gambier containing 30-35 per cent, tannin and 35-40 per cent, water. Gambier is extracted 
from the leaves and twigs of the plant by chopping and boiling with water until the latter becomes 


Jaunt. Sac , Ckcm . /iw/., 1906, 254. 
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syrupy; the leaves are then removed. The liquid, on cooling, becomes a pasty mass which is -cut 
into cubes and dried either by the heat of the sun or by wood fires. 

Hemlock, Abies canadensis, hemlock fir.—The bark, containing 8-10 per cent, tannin, is used 
to an enormous extent in America and yields a dark red coloured leather. It is also the source of 
hemlock extract. 

Larch, Larix europea, —The bark contains 10-12 per cent, tannin and is used to a great extent 
in the tannage of light leather, principally basils, to wnich it imparts a fine colour. 

Oak. —The bark of many species of oak is used us a tanning material and was one of the earliest 
tanning agents used. The bark, containing about 10 per cent, tannin, is used to a great extent in 
the manufacture of sole leather, but has been replaced to some extent by extract made from the 
wood. Oak wood extract is also used for the tannage of sheepskins for roller leather. 

Valonia, the acorn cups of Quercus agilops from Asia Minor, contains about 35 per cent, tannin, 
of which the larger quantity is in the “beard,” and is much used in the manufacture of the heavier 
leathers. 

Galls containing a large percentage of tannin are abnormal growths on various species of oaks 
produced by the puncture of insects, principally of the Cynips group. “Knoppern” are galls pro¬ 
duced in the immature acorns of various species of oaks, principally Q, Cems , and were formerly 
very largely used. 

Myrobalans are the fruit of Terminalia chebula , a tree indigenous to India. They contain 30-40 
per cent, tannin but vary a great deal in quality. They are divided into several grades known as 
“ Bombays,” “Jubbalpores,” and “ Vingorlas.” 

Quebracho, Loxopteryngium Lorenzii. —The wood of the tree, grown principally in the 
Argentine, contains about 20 per cent, of a red difficultly soluble tannin. It is now used to an 
enormous extent in the form of extract, made, for the most part, in the quebracho forests. The 
greater part of the extracts are made completely soluble by the use of alkalis or sulphites. 

Sumac, Rhus roriaria. —A shrub grown in great quantities in Sicily and Italy. The leaves and 
shoots are gathered, and after drying are finely ground, and as such the material appears usually in 
commerce. The ground sumac is “ventilated” or winnowed to remove sand and small particles 
of iron. It is divided into two grades, “ mascolino,” the best, which should contain 27-30 per cent, 
tannin, and “feminella” consisting of the inferior grades. Sumac is particularly liable to adultera¬ 
tion, principally with the leaves and stems of Pistacia lentiscus, the most important work un the 
detection of which was done by Andreasch.* Lamb and Harrison + have also published a very satis¬ 
factory method of detection of adulterants of sumac by microscopical means. 

Wattle.—Many species of the genus Acacia are used as tanning materials in Australia, and may 
have a tannin content up to 50 per cent. 

Synthetic Tanning Materials, or “ Syntans,” have been produced by E. Stiasny (see Joum . 
Soc. Chem. 2 nd., 1913, 32 , 775) by heating phenols with formaldehyde in a slightly acid solution 
and then sulphonating the product to render it soluble. The Badische Co. put it on the market as 
“Neradol D.” See also French Patents, 443 » 73 <>> l 9 * 2 i 45 I * 8 75 » I 9* 2 > 45L^76, 19*2; English 
Patents, 8,511, 1912; 8,512, 1912; 24,216, 1912; 24,982, 1912. 


Extraction of Tanning Materials 

The extent to which the preliminary grinding of the material is taken is of 
importance as it must be sufficient to allow as complete penetration of the water 
as possible, while avoiding reduction to a powder which would cake when wet, and 
result in clogging of the leaches. The most general method of extraction of tanning 
materials in use is the “ press-leach ” system. The leaches consist either of pits sunk 
in the earth constructed of brick and cement or wood, or vats or square receptacles 
above the surface of the ground. A set consists of any number up to twelve. Each 
is provided with a false bottom consisting of wooden laths on which the tanning 
material rests, leaving a space underneath to allow the removal of the liquor. All 
the leaches are connected by means of a pipe or “ trunk ” passing from the bottom 
of one into the top of the next right through the series. When in working order 
the leaches contain material in all stages of extraction, and the liquor from the 
strongest is run off for use in the pits. As strong liquor is drawn off from the head 
leach an equal quantity of water is pumped into the weakest, and floating on the 
top of the liquor in that leach forces some of it into the next, and so on through 
the whole series. By this means the nearly exhausted material is brought in contact 
with fresh water with consequent great thoroughness of extraction. Before the 


* “ Sicilianischer Sumac und seine Verfalschung,” Wien, 1898. 

t “ Sumac and the Microscopic Detection of its Adulterants,” Joum, Soc. Dyers and Colourists , 
March 1899. 
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material from the first leach is thrown out (“cast”) it is finally extracted with hot 
water by which further quantities of tannin are extracted. The water is heated 
by blowing in steam or by an arrangement of steam coils below the false bottoms 
of the leaches, of which systems the latter, though costly, is preferable, as live steam 
is injurious to the leaches. A better system is that of using the silent-boiling jet, 
which is also used, as suggested by Professor Procter, to circulate the water in the 
vat, which results in very complete extraction of the material. The material in the 
first leach being exhausted, is “cast,” and the leach refilled with fresh material. 
This leach then becomes the head leach of the system, and receives the liquor from 
what was previously the head leach. In the Holbrook system the liquor is pumped 
from one pit to another instead of being left to find its level under the action of 
gravity. Care is taken never to let a leach run dry, as the material would sink down 
and form a compact mass resulting in incomplete percolation through the formation 
of channels. Sprinkler leaches were formerly much used in America. The material 
was placed in round tubs fitted with a revolving pipe above for the delivery of the 
water. The water was sprayed upon the leach from small holes in the horizontal 
pipe as it revolved. The extraction with this system was very incomplete, and great 
loss of tannin was occasioned through oxidation. 

Where the liquor is to be used in the manufacture of extract it is decolourised 
on coming from the leaches. It is mixed with a proportion of blood or albumen 
and heated to 70° C., at which temperature the albumen coagulates and carries down 
much of the colouring matter. Evaporation is carried out under reduced pressure 
in order to decrease loss of tannin by oxidation, which would occur if evaporated 
at atmospheric pressure. The Yaryan triple effect evaporator is greatly used for 
this purpose. By the use of this system,'in which the steam from the weakest liquor 
is used to heat the second and so on, the liquor will pass through the whole 
apparatus in four or five minutes, and increase m density lroin about 1.02 to 1.20 
without having been heated above 70° C. The Kestner evaporator is also much 
used (see pp. 82a, 158*7, 594). 

The import of tanning substances into the United Kingdom in 1910 is shown in the following 
table:— 



1910. 

Value. 

Bark for tanning. 

Extracts for tanning. 

Gam bier - 

Myrobalans. 

Sumac. 

Valonia. 

Various - 

560,000 cwt. 

5,000 tons 
861,000 cwt. 
11,000 tons 
18,000 cwt. 
21,000 cwt. 

.£226,000 
749,000 
155,ooo 
225,000 
106,000 
169,948 
12,760 


Sole-Leather Tanning 

After the unhairing and fleshing process, hides for sole leather are “ rounded.” 
This is done with a sharp knife on a table, and enables the tanner to give a cheaper 
tannage to the inferior portions of the hide. In England the custom is to divide 
the hide into “butts” or “bends,” which constitute the best part of the hide, and 
“offal,” which includes the bellies, shoulders, and cheeks (Fig. 230). In America 
it is more usual to divide the hide, by a cut down the centre of the back, into “ sides.” 
Before the. goods enter the tan liquors, some deliming process is necessary, as a 
brittle grain and bad colour would result if they were tanned in the condition in 
which they came out of the limes. Formerly, a simple washing in water was con¬ 
sidered sufficient, supplemented by the acid in the earlier liquors, but now it is 
almost universally the custom to use an acid bath for this purpose. It is of great 
importance that the lime should not be completely removed as an excess of acid 
would be as injurious as that of alkali. The safest acid used is boric acid, and 
a great improvement in colour is effected by a treatment of the goods in a i£-a 
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per cent, solution of this acid. Sulphurous acid is also good, and organic adds, 
such as lactic, acetic, and formic acids. Sulphuric acid yields good results, but great 
care is necessary to avoid excess. 

The piogiess of the delinking action is easily followed by moistening the cut edge of the hide with an 
alcoholic solution of phenol phthalein w hen any free lime in the hide immediately produces a pink colour. 

The object of the sole-leather tanner is to obtain weight, solidity, and waterproof¬ 
ness in his finished goods. 

In e.ulier times this was accomplished by leaving the goods in comparatively weak liquors for a 
great length of time, the actual tanning process often taking from twelve to eighteen months, hut the 
intioducti >n of extracts and the consequent facility of producing much stronger liquois has, in most 
cases, shortened this time considerably. 



For even penetration of the tan a .gradual increase in strength of each liquor 
into which the hide is removed is necessary, sihee diffusion will only take place from 
a region of higher concentration to that of a lower. The first pits into which the 
goods are placed are the “ handlers ”; the hides fastened on poles by one edge are 
hung vertically in the liquors and frequently moved, whereby the grain is fixed and 
an even colour is produced. The percentage of tannin in the handler liquors is low 

and the acidity relatively high ^up to one-twentieth normal or even — 

These conditions are usually attained by working the liquors “down the yard,” *.<?., the pit from 
which a pack of goods has just been removed to go into the next stronger one of the series becomes 
the one below, and its place is taken by the one above it; thus the goods move in one direction and 
the liquors in the opposite. This system is also advantageous in that the astringent tannins have 
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already been removed by the goods, leaving only the milder tannins which are more suited to the 
green goods. The time occupied in the progress of the goods through the suspender varies from 
ten days to a fortnight; they then pass on to the “ handlers.” These are worked in systems of six, 
eight, or ten pits, and the goods are moved forward after being in each pit from six to eight days. 
The goods are in the handlers for a month to six weeks, and pas» from a strength of liquor of about 
20° Barkometer * to that of about 40° Bkr. 

By the time the goods leave the handlers they will usually have become 
completely penetrated by the tan liquor, and the remainder of the tanning process 
has for its object the deposition of solidifying and weight-giving matter in the 
interfibrillar spaces. The final step in the tanning process is the laying away of 
the goods in the “ layers ” with ground tanning material dusted between each hide 
and the whole covered with strong tan liquor. By this means the hide is enabled 
to take up the more difficultly soluble tannins, and a solid and dense leather is the 
result. The goods are drawn several times and laid down again with fresh quantities 
of tanning material and stronger liquors, which may reach a strength of 120°-150° Bkr. 
where extract is used. The time in layers may extend from three to six months. 

Of the materials used in the tannage of sole leather, oak bark is one o. the oldest and gives a 
result which is said to be superior to that obtained by any other material, but its low pcicentage 
of tannin and the lightness in weight of the finished leather tanned in this way have caused iN 
leplacement in many cases by extract. Valonia is used to a great extent, as it gives heavy and solid 
leather and deposits much bloom. Gambier is used to some extent, the mildness of its tannin 
making it especially suitable for the strengthening of the suspender liquors. Oak wood, chestnut 
wood, and hemlock bark extracts are very largely used, principally for strengthening the layer liquois. 



Fig. 231. —Jackson Scorning Machine. 


The process of tanning dressing leather is similar to that for sole leather, with 
the difference that as resulting leather is required to be soft and flexible the process 
is modified accordingly. A lighter class of hides are used, such as kips, or the 
goods are reduced in substance by shaving. The main point of difference in the 
method is the introduction of the “bating” process. ‘This consists in submitting 
the goods to the action of a fermented infusion of hen or pigeon dung. The 
proportions used are variable, ranging from 12-60 1. per 1,000 kilos, raw hide in 
2,000 l. of water By this means a great portion of the lime is removed and a 
considerable solution of hide substance occurs. The mechanism of the action of 
the “bate” is probably analogous to that of the puer (see p. 580). The hides after 
becoming soft and fallen are usually “ scudded ” over the beam, in which process 
much dirt and grease are worked out, and then frequently given a further treatment 
in an acid bath to remove the last traces of lime before entering the tan liquors. 

The tanning is usually commenced, in this country, in paddles, but suspenders are used where 
a very smooth grain is desired. As bloom is not required m this tannage the use of bloom-giving 
tanning materials is avoided. 

Sole leather after leaving the layers is washed through a clean liquor or warm 
water, and “scoured” with stone and brush by hand or by machine (Fig. 231) till 


* The Barkometer is a form of hydrometer, and is of great service in controlling the strength ot 
liquors of which the composition is the same. As it shows all solid matter in solution, however, the 
strength of a liquor in tannin, as shown by it, can only be relatively correct 
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all bloom is removed from the grain surface, half dried (“sammcd”) and laid in 
pile to temper. A treatment in a strong liquor made from sulphited quebracho 
extract is frequently given, which results in a better colour in the finished leather 
though producing considerable loss of weight by the action of the sulphite on tl>e 



Fig. 232.—Rolling Machine. 


tannin held in the leather. It is then “ struck out ” either with the “ pin ” or by 
machine which smooths and flattens the grain. The goods are then rolled by 
machine, once with a light roller when the grain is somewhat moist, and finally, when 
nearly dry, with the heavy roller (Fig. 232). They are then dried by the aid of 
moderate heat, and after polishing with a brush are ready for sale. 



Fig. 233.—Band-Knife Splitting Machine. 


A light coating of oil is frequently applied to the grain side l>efore drying in order to cause the 
evaporation to take place through the nesh side, as otherwise the uncombined tannin would be 
deposited on the grain and, oxidising, cause the latter to be brittle and of a bad colour. 

The finishing of dressing leather (for strap butts, harness, belting leather, 
etc.) differs essentially from that of sole leather in the inclusion of the “Stuffing” 
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process; this consists in impregnating the leather with a mixture of solid and 
liquid fats and greases, rendering it supple and impervious to water. The leather 
is scoured with stone, brush, and sleeker to remove bloom, and reduced in thickness. 
This is done by shaving by hand or machine, or by splitting the goods. 

Shaving by hand requires great skill and is done over a nearly vertical beam with a two-handled 
knife (Fig. 229) with an edge turned at right angles to the surface of the blade. Of splitting machine* 
for this purpose the hand-knife machine (f ig. 233) is the most important; with this machine the leal hei 
is held and moved forward by rollers against the edge of an endless ribbon-knife, passing lound a 
wheel at either end of the machine. 

'The leather must be in a moist state before stuffing, and the exact degree of 
dampness is a matter of some importance. It should generally be such that water 
exudes from the pores when the leather is pinched. 

The two methods of stuffing most commonly in use are hand stuffing and drum 
stuffing. In hand stuffing the leather is coated on the flesh side or on both sides with 
a mixture of fats known as “ dubbing ,''* consisting usually of cod oil and tallow. The 
mixture is melted together and stirred as it cools in order to obtain a homogeneous 
pasty mass, and the proportions of hard and soft constituents are modified according 
to the season and the temperature at 
which the leather is to be dried. Much 
of the solitl crystalline fats remain on 
the surface of the leather after the 
remainder has penetrated to the interior, 
and are scraped off with the sleeker and 
used again. The temperature at which 
the stuffed leather is dried is adjusted 
so that the dubbing is kept in a soft 
condition, but not so high as to render 
it liquid. 

In “drum stuffing” the goods are 
treated in a revolving drum (Fig. 234) 
with the stuffing mixture. The drum, 
previous to putting in the goods, is 
heated by blowing in hot air or steam, 
or frequently a steam coil is fixed in 
the drum itself. The temperature of 
the interior of the drum may be safely 
raised to 6o w C. if cold, damp leather 

is introduced. After the goods have _ „ _ 

been drummed sufficiently long to Ho. 234—Staffing-Drum, 

have reached the temperature of the 

interior the stuffing grease is introduced either through the door or run in through 
a hollow axle. A very large quantity of grease can he taken up by leather without- 
detriment to its light colour which reappears on bending sharply in “boarding.” 
Advantage is frequently taken of the facility with which adulterants ('an be intro¬ 
duced into the leather in drum stuffing; glucose and barium sulphate are the most 
common of these, and produce a fictitious weight together with an improved colour 
to that obtained by an equivalent quantity of grease. 

A method of dry stuffing practised in Germany is termed “ Einbrennen. M Melted talk >w- is pom ed 
over the leather, which must previously have been completely dried, and allowed to sink in by hold¬ 
ing over a fire. Another method is to dip the leather completely into molten tallow. 

Stuffed leathers are particularly liable to a defect known as “ spueing,” which is of two kinds. 
The first, which is by far the least objectionable, is due to the crystallisation of the hard fats on the 
surface of the teacher, and causes no injury to the leather. The other kind is due to a chemical 
change taking^ place in the stuffing materials, and makes its appearance as resinous spots or pimples 
on the surface of the leather. It is usually attributed to adulterated oils, but occasionally appears 
when the purest cod oil has been used. As it is caused by oxidation of the oil, it is liable to appear 
when conditions are such as to favour this action, such as moist heat with little ventilation and the 
catalytic action of iron salts used in the production of black goods. 
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Fats and oils are also introduced into the leather by “ fat liquoring.” In the 
preparation of a fat liquor the oil is reduced to an extremely fine state of division 
by the use of suitable emulsifying agents. By drumming the goods with such a 
mixture they may be made to take up a large quantity of oil without acquiring 
a greasy feel. 


Light Leather 

The raw material for the manufacture of light leather may be taken as consisting 
of the skins of sheep, goats, and calves. The method of treatment up to the end 
of the liming process is practically the same as that for heavy leather except that 
the liming of sheep and goat skins is usually of a somewhat longer duration, as a 
soft and supple character in the finished article is required. Sheep skins are usually 
received at the tan-yard from the fellmonger after the wool has been removed, so 
the only object of the Hming process is to plump the skin and render it in a suitable 
condition to take up the tannin from the liquors. The main difference between the 
tanning processes of light and heavy leather is in the condition in which the goods 
enter the tan liquors. By the treatment subsequent to liming the skins are almost 
entirely deprived of lime and brought into a soft and flaccid condition, which is 
essential in order that the finished product may possess the qualities required in 
this class of leather. A great proportion of sheep skins are split when fully limed 
and the grain split tanned into “ sumac skivers,” while the flesh split is oil tanned. 
A sheep skin tanned by a vegetable process without splitting is termed a “ roan ” or 
“basil.” The goods, after fleshing or splitting, are washed in paddles in order to 
remove some of the lime. A little acid is frequently added to the water in the 
washing paddle in order further to promote this action. The goods are then 
“ puered,” which operation consists in paddling in a weak warm infusion of fermented 
dog-dung. By this means a further quantity of lime is removed, and considerable 
solution of skin substance and emulsification of fats takes place. 

The mechanism of the puering process has been investigated by J. T. Wood, who has shown 
that the effect on the skins is due to the joint action of amines and their compounds, and enzymes 
produced by the metabolism of bacteria which exist in the puer liquor in great quantity. Wood has 
found that a puer liquor which has previously been boiled and so freed from living organisms and 
enzymes has still considerable action on limed skin owing to the removal of lime by the action of 
amines and their compounds. The liquor treated in this way, however, had no dissolving action 
in the interfibrillar substance, and did not produce the characteristic properties of puered skin. By 
precipitating enzymes from a puer solution with alcohol and redissolving in water it was found that 
the solution had a pronounced puering effect. A mixture of the two classes of active bodies was 
found to puer a skin in a satisfactory manner. 

The puer is usually obtained from the kennels and, coming from this source, 
contains less lime than usual; it is allowed to ferment for some weeks before use, 
by which its activity in the direction required is much increased. 

A perfectly satisfactory substitute for dog-dung for puering all classes of goods has yet to be dis¬ 
covered. The earliest scientific attempt at providing a substitute was made by Wood, Popp, and Becker 
with 11 Erodin,” by the use of which perfectly satisfactory results may be obtained with some classes 
of goods. £rodin consists of a solid nutrient medium together with a pure culture of bacteria which 
have been found to be especially active in the puering process. The nutrient medium is dissolved 
and suspended in water which is raised to a temperature of 104° F. y and the pure culture of Bacillus 
crodims added. The bacteria are allowed to grow in the medium for about three days, and the 
temperature is raised to 104° F. every night and morning during that period by admitting steam to 
the culture. The liquid is then diluted and used in the same manner as a natural puer liquor. 

Of the later puer and bate substitutes brought on the market, “ Oropon,” 
manufactured by Rohm & Haas, Darmstadt, is being used to a great extent 
This consists of a mixture of ammonium chloride and pancreatic enzymes held in 
fine sawdust as inert material. 

The operation of puering is one requiring great experience and care to obtain 
the best results. If the temperature is allowed to become too high,* or the skim 
left in puer liquor too long, the goods may be badly damaged or even completely 
destroyed by excessive bacterial action. Frequent change of position is necessary 
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in order that the action may be regular, so the goods are usually kept in motion 
during the whole operation by means of the paddle. The skins are removed from 
the paddle when sufficiently “fallen,” a point to determine which requires a practised 
touch and great experience. The goods are then “ scudded ” on the flesh side with 
a blunt knife by which treatment much grease and dirt are worked out; the operation 
is sometimes carried out by machine. 

The skins are then “drenched,” which consists in submitting them to the action 
of a fermenting infusion of bran, and removes a still further quantity of lime and 
causes slight plumping. 

J. T. Wood and Willcox * have also studied the action ol the bran drench upon skins, and have 
found that the acids produced in the bran fermentation are the active agents in removing lime and 
plumping the'goods. Wood gives the following typical analysis of the acids found in a woikmg 
drench:— 

Formic acid ..... 0.0306 g. per litre. 

Acetic acid - ..... 0.2402,, ,, 

Butyric acid ..... 0.0134 ,, „ 

Lactic acid''* ..... 0.7907,, ,, 

The most important living organisms found in the drench were two species of bacteria named by 
their discoverer Bacterium furfuris a and p. The two were very similar in character, but pioduced 
a slightly better fermentation together than when used separately. The same liability to damage Oi 
the skins is present in the drenches as in the puer liquors, particularly through a butyric fermentation 
which may take place in hot weather, ’■esulting in rapid swelling and solution of the skins. 

The quantity of bran used in the drenching process is variable, but an average 
of about 5-10 per cent, on the weight of the skins is usually taken and infused 
in water in the proportion of about 4 parts of bran to 1,000 of water. The mashing 
is carried out at a temperature of about 90° F. and fermentation started by adding 
a few pailfuls of a working drench. The goods are then added and as the fermenta¬ 
tion proceeds are brought to the surface by the gas which is evolved in great quantity 
during the fermentation. 

Thin skins may be drenched sufficiently after the first “ rising,” but heavier goods are put down 
several times before sufficiently acted upon. Experience is necessary in judging the point at which 
a skin is sufficiently drenched, the feel of the goods affording the best criterion. The skins 
become white and soft, and retain the impression made when pressed with the finger. 

The use of the bran drench has been to some extent replaced by that of acids, 
of which lactic acid is the most commonly used. The goods are paddled in a 
solution of about 2 lbs. of the acid in 100 gals, of water at a temperature of 
30**35° C. The process is quicker and safer than that of using bran, but the effect 
produced on the goods is not exactly the same. 

The ?*C.T. Bate” manufactured by the Martin Dennis Chrome Company is also used for 
removing lime, and is suitable for use as a substitute for drenching. It consists mainly of the 
sulphonic acids of naphthalene and probably other hydrocarbons, and its antiseptic character may also 
render it useful in arresting putrefaction. 

Gallic acid is capable of bating and its use as such has been patented. It is probably the active 
agent a the fermented infusion of babool pods, which is much used in India for deliming. 


Tannage of Light Leather 

The materials used in the vegetable tanning of light leather are very various. 
Previous to entering the tanning pits the goods are usually treated in the paddle 
with a very weak solution of the tanning material, where they remain until coloured 
through. The movement obtained by paddling is essential in causing even 
absorption of the tannin and producing a fine grain. In some cases the entire 
operation of tanning is carried out in the paddle, notably in the tanning of sumac 
skivers. 

After colouring through the goods are passed through a series of pits in a manner 
similar to that of heavy leather tanning. The strength of the liquors, however, is 


Jpwh* S*. Chem. l*d. t 1890, 27 5 1893, 422; 1897, 510. “Brit Ass. Rep.,” 1893, 7 * 3 - 
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much less as is also the acidity of the earlier liquors, as no solution of lime is 
necessary, it having been almost completely removed in the earlier treatment 
as described above Materials which yitld “bloom” and a solid charactci to the 
leather an avoided, as the mam results aimed at m the manufacture of light leather 
arc suppleness and the best possible appearance of the gram A great proportion 
of sheep skins au tanned into sumac skivers aftci splitting when fully limed 

A connn n pioccss to which the goods aic submitted previous to entering the sumac liquors is 
that of pickling * After leaving the drenches the gruns ire paddled m solution of common salt 
and icid The usual \ud employed is sulphunc acid, on iccount of its cheapness, but the use of 
organic uids such vs icaic and formic icids h is lately been recommended, and his some advantages 
A driwbuk l > the use of sulphuric acid is the tendenev which trues of it left in the lcathci have to 
ciuse r ttcnm ss \ftcr the lipsc < f time * 

After the uniform pcneti ition of the acid and salt the go >ds uc pheed for a short time m i 
satui itcd s luti n of salt The pickling process pumitsthc skins to he kept for m\ reasonable length 
of tin e in in unclnngtd condition, md is res >rtcd to when goods are t > he exported m the unt uimd 
condition The liquors m which pickled goods ite tinned must contnn a certain qumtitv of silt 
as fresh w iter products i sti >ng swelling action on the goods 

The skins ut flitn plutd in tin piddle (I ig 2^) with w it < rand gi und suniic, md kept m 
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circulation until the tanning is complete The light chiracter of the skins md the movement of the 
paddle combine to render the tinning operation very short 

A method of tanning with sumac sometimes used consists m sewing each two skins together in 
the form of a hag, with the gram on the outside The interior is filled, through a smill hole, with 
sti< ng sumac infusion and some powdered sumac, and after closing the aperture the skins are floated 
on a warm sumac liquoi After leaving in the liquor for a short time the skins are placed m a pile, 
and the sumac infusion is fenced through the pores of the skins by their own weight The process is 
repeated once or twice, which results in the skins being fully tanned m a very short time A similar 
method is employed m the manufacture of morocco leather from goat skins 

As stattd above, the method of tannage of basils and calf skins with bark and 
vegetable extracts resembles that of sole leather except that weaker liquors are used 
throughout the senes of pits, and that the goods are not usually laid away with the 
solid material to complete the process. 

Dyeing 

The skins of sheep naturally contain a large quantity of animal grease which must he removed 
before a level dyeing can he obtained This is done either by hydraulic pressing before tanning 
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or by the use of a solvent after the tanning process. The dyeing of vegetable-tanned leather is 
pertonnod either in the tray or in the drum or paddle. In the former method the skins are usually 
dyed in pairs, each pair being pressed thinly together, flesh side in, which results in the flesh side 
icniaining undyed. This results in a saving of dye and a white flesh side which is desirable in some 
classes of goods. Dark coloured or stained leather is improved before dyeing by treatment with 
a 1-2 per cent, sulphuric acid solution or preferably with an organic acid. 

The use of aniline colours 
has for the most part replaced 
t hat of the natural colouring 
materials, except in the pio- 
duction of blacks for which 
logwood is still used to some 
extent. 

Either acid or basic colours 
aic* used ; in the latter case a 
mordant such as tartar emetic 
is used. Titanium potassium 
oxalate lias lately come into 
use to a great extent, the 
yellow colour which it pro¬ 
duces in combination with 
tannin lcndeiing it of gieat 
use when similar shades of 
colour are to be applied to the 
leather. When acid dyes aie 
used, it is customary to add 
a small quantity of acid to the Fig. 236. —Glazing Machine. 

d)e hath for the purpose of 
liheiating the colour acid. 

Another method of dyeing which is used to some extent for light leather and almost universally 
for the heavier leathers is that of staining. In this method the colour is applied to the slightly 
dumped mu fare of the leather In means of a brush, several coats being given if necessary with pailial 
diving between each application. 

Alter dveing the giain surface of the leather is rendered glossy and smooth by the application 
of a finish *’ of a mucilaginous nature, or by tiie use of a seasoning preparation followed by glazing 
b} machine (Fig. 236). 

Chemical Control of the Tanyard 

The quantitative analysis of the vegetable tanning materials presents many difficulties, and it is 
onlv by strict adlieience to standardised methods of analysis that different workers can obtain 
concordant results. The International Association of Leather Trades’ Chemists have formulated 
lules for the sampling and analysis of tanning materials, and reference should be made to these for 
details of the process. 

The Lowenthal Method of tannin analysis requires the following solutions:— 

1. Potassium permanganate, 0.5 g. per litre. 

2. Sodium sulphindigotate, 5 g., and strong sulphuric acid, 50 g, per litre. 

3. Pure tannin, 3 g. per litre, for determining the tannin value of the permanganate. 

25 c.c. of the indigo solution is placed in a beaker and diluted with £ 1 . of tap water. The 
permanganate solution is then run in from a burette until the colour becomes a pure >ellow. 

5 c.c. of the tan liquor is then taken in addition to the indigo and the titration repeated. 

The difference between the two titrations represents the total oxidisable matter present in the 
liquor. The liquor is then detannised in the following way : 25 c.c. of 2 per cent, gelatine solution, 
and 25 c.c. of saturated salt solution containing 50 c.c. concentrated sulphuric acid per litre are 
added to 50 c.c. of the liquor and shaken for five minutes and filtered with the addition of kaolin 
if necessary. The filtrate is titrated in the same manner with the permanganate, twice the volume 
Wing taken to allow for the dilution. Detannisation is more conveniently done by shaking with 
hide powder, as in the official method, or with chrome shavings if available. The amount of 
permanganate equivalent to the tannin in the solution is thus equal to the difference of the titrations 
before and after detannisation. By determining the permanganate value of the standard solution 
of pure tannin the strength in tannin of the liquor may be easily calculated. 

Acidity of tan liquors is determined by Procter's method by adding saturated lime water from 
a burette to 10 c.c. of the perfectly clear liquor in a beaker till the first trace of permanent turbidity 
appears. 

The Analysis of Leather 

The complete analysis of a sample of vegetable tanned leather consists in the determination of: 
(l) Water; (2) fatty matter ; (3) water soluble matter, including—(0) uncombined tannins, (/>) non- 
tannins ; (4) insoluble matter, including*—(a) hide substance, ( 6 ) tannin. 
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Water is determined by drying finely divided leather at ioo° C. * 

Fats are determined by extracting with petrol ether in a Soxhlet apparatus. 

Water soluble matter is estimated by digesting the extracted residue from the fat determination 
for some hours with 200 c.c. of distilled water at i5°-20° C., and then extracting in a similar method 
to that employed for tanning materials. The temperature of the water used for extraction is kept low 
to avoid decomposition of the leather. The proportions of tannin and non-tannins in die extract are 
differentiated as in the analysis of tannin materials by determination of total solids in the solution 
before and after detannisation. 

Glucose and mineral adulterants, such as magnesium sulphate, if present, will be found in the non¬ 
tannin portion of the extract. Glucose is determined with Fehling’s solution after removal of the 
tannin, etc., by precipitation with basic lead acetate. 

Hide substance is estimated by determining the nitrogen (Kjeldahl method) in the original 
sample. 

Since hide substance contains approximately 17.8 per cent, nitrogen, the percentage of nitrogen 
is multiplied by the factor 5.62. 

The estimation of free mineral acid is very important, and is best carried out by Procter 
and Searle’s method. 2 or 3 g. of the finely divided sample are moistened in a platinum crucible 

with 25 c.c.‘ of ~ sodium carbonate solution, evaporated to dryness, thoroughly carbonised, extracted 

with boiling water, filtered, and the residue ignited in the crucible. 25 c.c. of decinormal hydrochloric 
acid is then added to the ash, and the whole is added to the filtrate previously obtained. If the 
solution is then alkaline, free mineral acid may be assumed to be absent, but if acid the amount may 
be measured by titration with decinormal alkali using methyl orange as indicator. 

The quantitative and qualitative examination of the leather ash will often afford valuable informa¬ 
tion with regard to the tannage, etc. 


Mineral Tannages 

Of the mineral tanning processes, the most important is that involving the use 
of the salts of chromium. Though of only very recent origin the process has already 
become a very serious rival to the vegetable tannages, and even, in some cases, has 
replaced them to a great extent. 

There are two general methods of tanning with chromium compounds known 
respectively as the “ one-bath ” and the “ two-bath ” processes. In both methods 
the actual tanning agent is the same, the fibres being isolated and rendered 
imputrescible by the deposition on them of a basic chrome salt. In the one-bath 
process this is accomplished by immersing the skin in a basic solution of chromium 
sulphate or chloride, while the two-bath process consists ia saturating the skin in 
a solution of chromic acid, and then submitting it to ths action of a reducing 
bath whereby the actual tanning agent is formed in the interior of the skin. 
Professor Knapp in 1858 was the first to devise a practicable chrome tanning 
process which consisted in treating skins with a basic chromium chloride solution 
made by adding sodium carbonate to a solution of normal chromium chloride. 
The process was revived and patented later by Martin Dennis,* who put on the 
market a basic chrome tanning liquor prepared by dissolving chromium hydrate 
in hydrochloric acid, and rendering sufficiently basic with sodium carbonate. 

The earliest two-bath process was proposed by Augustus Schultz in 1884. The 
method as patented by him consisted in paddling or drumming skins in a solution 
of 5 per cent, bichromate of potash and 2J per cent, hydrochloric acid or an 
equivalent amount of sulphuric acid, till evenly coloured through with the chromic 
acid. The second bath consisted of a solution of sulphurous acid or an acidified 
solution of sodium thiosulphate. 

The one-bath process is, of the two, the more analogous to the vegetable 
tanning process. Eitner t has shown that the basicity to which the chromium salt 
is brought is of extreme importance. A solution of a normal chromium salt pene¬ 
trates the skin with great rapidity, but is very easily washed out, and a thin and 
lightly tanned leather results. As the salt is rendered more basic the rapidity of 


♦ U.S.A. Patent, 495 ><» 8 > 1893; 511,4”. 1 * 93 ; 7 . 73 *. i$ 93 - 
t Gerber , 19OJ, 3. 
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its penetration into the skin is less, but its absorption is more thorough, and the 
chrome is fixed more strongly. If the basicity, however, is rendered excessive, part 
of the chromium is precipitated as hydrate, and an insufficiently basic salt is left, 
resulting in very slow penetration of the tanning agent and overtanning at the surface 
of the skin, whereby the grain is rendered tender and even brittle. 

Eitner considers as the most suitable the salt CrOH, SO^ which is produced by 
the addition of 106 parts by weight (1 molecule) of dry sodium carbonate to 998 
parts (1 molecule) of chrome alum. 

Procter * has published a method of preparation of a one-bath solution by the 
direct reduction of bichromate with sugar in the presence of such a limited amount 
of hydrochloric or sulphuric acid as to result in a chromium salt of the required 
basicity. Suitable proportions are 5 molecules of HC 1 to 1 molecule of potassium 
dichromate, which results in the formation of a salt of approximately the formula of 
Cr 8 Cl 8 (OH) 8 . 

A stock one-bath chrome liquor may be made by dissolving 10 parts of chrome 
alum in 80 parts of warm water and adding, with constant stirring, a solution of 
P arts washing soda dissolved in 10 parts of water.t 

Stock liquors which are bought ready made up and only requiring dilution with 
water are used to a great extent. 

The product of the two-bath process differs from that of the one-bath in con¬ 
taining free sulphur, which is deposited in the leather from the decomposition of the 
thiosulphate used in the reduction. 

In the first bath the following reaction takes place :— 

K^CrjA + 2HCI = 2KCI + 2CrO, 4 * H a O, 

the free chromic acid being absorbed by the skin. Heal and Procter X have shown that pelt absorbs 
no free chromic acid from a solution of potassium dichromate unless free chromic acid has previously 
been formed by the addition of acid. 

The reactions taking place in the second bath have been studied very carefully by Eitner, § who 
has shown that the following reactions take place when acid is added gradually to the thiosulphate 
solution. 

On the addition of a small quantity of acid the skins become brownish from the formation Oj 
chromium dioxide or basic chromic chromate, Cr 9 Cr 0 4 ( 0 H) 4 . 

(1) 300 , + 6 HC 1 + fiNajjSgO, = aNa^O, + 6NaCl + 3 H 2 0 + Cr 3 0 6 . 

On adding more acid the colour of the skins becomes brighter from the formation of chromium chloride. 

(2) 2OO, 4 - 12HCI + bNagSgO, = 3Na2S 4 O e + 2CrCl 3 + 6NaCl + 6H a O. 

Further addition of acid results in the deposition of sulphur, partly in the skins and partly 
precipitated in the bath. 

(3) 2OO, 4 - 6 HC 1 4 * 3Na fi S^O, = 3 Na 9 S 0 4 4 - 3S 4 - 2CrCl, + 3 H 2 0 . 

After all the acid has been used up, further reactions take place between the chromium salts and 
die excess of thiosulphate, lesulting in the formation of basic chromium salts and of more free sulphur. 

(4) CratSO*), 4 - Na 9 S a O, + H a 0 = 2 Cr 0 H.S 0 4 + S 0 8 4 S 4 - Na*S 0 4 . 

(5) aCrCl, 4 - Na^O, + H *0 = 2CrOH.Cl* 4- SO, + S 4 - 2NaCl. 

As the acid is, in practice, added in small quantities at a time the reactions will take place, in the 
main, according to these equations, but will always to some extent proceed simultaneously. 

The proportions of dichromate and acid in the first bath, as used in practice, 
are very variable, the more important constituent being the acid, as it is only the 
free chromic acid which is thereby liberated which is absorbed by the skins. In 
Eitneris first bath sufficient acid is added to liberate the whole of the chromic acid, 
but a less quantity than this is frequently used. Absorption of the chromic acid 
by the skins is very rapid, and by drumming in the solution the skins are soon 
caused to take up the maximum amount. After leaving the first bath the goods 


* Leather Trade f* Review , 12th January 1897. 
f Ibid. 

X Joum. See, Chemslnd 1895, 

I Gerber t 1900, 297. 
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are piled on a “horse” and allowed to remain so for some hours or overnight, 
whereby better fixation of the chrome is obtained. When in this state the goods 
are carefully protected from the action of light, which results in the reduction of the 
chrome at the expense of the skin and thereby causes irregular tanning. 

Before entering the second bath the skins are frequently drawn through a strong 
“ hypo ” bath in order to fix the chrome on the surface of the skin which prevents 
“ bleeding,” diffusion of the chromic acid solution into the hypo bath. The 
most usual reducing agent is a solution of sodium thiosulphate (“ hypo ”) rendered 
acid with hydrochloric acid, and in this bath also great variations in the proportions 
used are met with in practice. It is usual to add the acid in small quantities at 
a time as the reduction proceeds, as the reduction is rendered more even and there 
is less loss by escape of sulphur dioxide into the air. Eitner suggests 12 parts of 
hypo dissolved in 400 parts of water, and 6 parts of 40 per cent, hydrochloric acid 
per 100 parts of wet pelt, less acid, however, being required if equal parts of acid 
and dichromate have been used in the first bath. 

The operation of neutralising follows that of tanning, and is carried out in the 
same manner for leather tanned by either of the processes. When a two-bath 
process has been used the skins contain a considerable quantity of free acid which 
must be removed; and with one-bath leather the neutralising process results in 
further fixation of the chrome in the leather fibre. The skins are drummed in a 
dilute solution of a weak alkali of which several are in use, such as sodium 
bicarbonate or dilute ammonia. Borax is used to a great extent, its weakly alkaline 
nature rendering it the safest neutralising agent, and lessening the danger of over¬ 
neutralisation. The neutralising process is considered to be complete when a piece 
of blue litmus paper is not turned red on application to the freshly cut surface of 
the skin. Over-neutralisation to the extent of rendering the interior ctf the skin 
distinctly alkaline is carefully avoided, as the presence of free alkali in the skin is 
as objectionable .in its effects as that of free acid. Eitner has recommended the 
use of silicate of soda as a neutralising material, and sodium hyposulphite and 
whitening have also been used. After neutralisation the goods are thoroughly 
washed in the drum in a stream of running water. 

A peculiarity of the chrome process is that the goods are usually dyed and fat-liquored immediately 
after tanning, as if they are once allowed to become thoroughly dry it is impossible for them to be 
* ‘ wetted down ” again sufficiently for even dyeing. 

Fat liquoring, which is done either before or after the dyeing process, consists 
in drumming the skins in an emulsion of soap and oil which is absorbed very readily, 
and gives a plump and soft feel to the leather which would otherwise, from the 
nature of the tannage, be harsh and empty. • 

Many different formulae for the preparation of fat liquors are in use, and various oils, such as 
castor, olive, cod, and neat’s foot, are suitable. Sulphonated or turkey-red oils have lately been 
used to a great extent, and being soluble in water need no addition of soap as an emulsifying agent. 

By drumming with a solution of glycerol or sugar chrome leather may be dried sufficiently to 
allow of the operations of shaving or staking before dyeing, the hygroscopic nature of these bodies 
rendering it possible to wet down the leather subsequently sufficiently for dyeing. 

Chrome leather may be dyed direct with many of the acid aniline colours, but 
where basic colours are to be used the goods are given a tannin mordant by 
drumming or paddling with sumac infusion or gambier. 

After dyeing the goods are thoroughly dried by hanging in heated stoves, and 
then, if necessary, the natural animal grease is removed by extraction with a solvent 
in a plant specially devised for that purpose. They are then brought to the necessary 
degree of dampness for the subsequent treatment by laying away among damp 
sawdust Being now stiff and hard they are softened by staking, which is done by 
a machine which draws a biunt-edged blade along the flesh side of the skin, which 
is held against it by rollers (Fig. 237). The appearance of the grain is then improved 
by the application of a ‘‘finish,” which usually contains blood or albumen, followed 
by “ glazing ” by friction of a glass or agate “ stone ” under pressure. This operation 
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is frequently repeated several times, and mining with a hot iron completes the 
pro< css 

Of the lighter leathers tanned by the chrome process (alf skins, which aic manu 
factured into “box-calf” or “ willow-calf” (usually by the one bath method), form 
a large proportion. In the manufacture of these goods, the operation of “ boarding” 
(hg 229) (whereby the grain of the leather is raised) is included in the finishing 
prex ess 

'1 he manufac ture of glac£ kid from goat skins has attained gigantic pioportions 
Sheep skins are also chrome tanned to imitate real glac e kid. 



] It 237 —Staking Machine. 

The production of chrome sole leather his not yet been brought to a sitislicLorv state, the 
ltatlur hiving a ttndencv to become slippery under the influence of water , for belting and lndiauhe 
luithtis, howciei, the proetss is greatly used. 

1 he chrome pioeess is fiequently combined with one of the vegt table tanning pioeesses, the 
pioduct being known as “semichrome ” 1 he Older in whuh the two tannages are applied varies, 

but 1 one bath chrome tannage is necessanl) used. The method is 111011 partieularl) applied to the 
lmpoited native tinned sheep or goat skins from India (Persians) Before chiommg, as much as 
possible of the vegetable tanning material is removed by drumming the leather in a dilute alkaline 
solution (“ shipping”). 


Chemical Control of the Chrome Process 

One-Bath Liquors —The chromium in one bath chrome liquors may be estimated gravi- 
metrically by precipitation as Cr^O, with ammonia, but more quickly and convenientl) volumetiKalb 
The chromium is convened into sodium chromate by treatment with sodium peioxide and the 
chionuc acid estimated by acidifying, adding excess of potassium iodide and titrating with stand it d 
sodium thiosulphate solution. The estimation of the acidity of one hath liquors, which is of gu it 
impoitance, is most conveniently earned out by the method of Procter and M‘Candlish * I lie 
whole of the acid is estimated in this wa) by titration of the boiling diluted solution with norm d 
sodium hydrate with the addition of lathei a large quantity of phenolphthali in as mdieatoi 

The colorimetnc method forms a useful control of spent one bath chrome liquors f 

Two-bath Liquors. —The chromic acid m two-bath liquors IS estimated by filiation with 
thiosulphate solution in the* same way as for one Ixith liquors. 

Free arid is estimated in two-bath liquors by titration with standard caustic alkali w ith phenol 
phthalein. 

Since normal chromates are neutral to phenolphthalem, and free chromic acid and bichromates 
are acid to that indicator, the relative amounts of free chromic acid 01 of bichromate and chromate 
may be calculated from the results of the above two titrations. 

"ihe thiosulphate m a second bath liquor is estimated by titrating with it the iodine libti ited 
from potassium iodide by a known volume of an acidified solution of standard potassium biclnornate. 

Chromium in chiome leather is estimated b) ashing a weighed quantity of the leather m a 
platinum crucible and converting the chromium to chromate by ignition with a mixture of sodium 
and potassium carbonate. The chromate* is dissolved and estimated volumetncally m the usual 
manner. 


* Procter and M*Candhsh, Jouftt. Soc . Chem, bid , 1907, 458. 
Wood and Law ,/outm, Soc . Chem . /»</., 1910, 398. 
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Two-bath chrome leather may be dUtinguished from one-bath leather by damping and wrapping 
in paper with a silver coin. After leaving m a warm place for an hour, the coin will become stained 
brown or black from the formation of silver sulphide from the sulphur in the leather. 


Alum Tannage 

The mechanism of the alum-tanning or tawing process is probably the same 
as that of chrome, the actual tanning agent being regarded as a basic alumina salt. 

Small skins which are required to be preserved with the hair or wool on are 
stretched on a board with the flesh side outwards after cleansing from blood and 
dirt as far as possible. A strong solution of alum and common salt is applied hot 
with a sponge, and the application repeated till the skin is struck through. In the 
manufacture of glove-kid, for which lamb skins are used for the most part, and 
genuine kid skins for the best qualities only, the skins, after liming, puering, and 
drenching, are treated with a mixture of alum, salt, flour, olive oil, and egg yolks 
in a thin paste. The mixture is caused to penetrate the skins by being trodden 
with them or, more usually, by drumming. The goods are then dried rapidly and 
passed through tepid water and made uniformly moist by treading tightly into chests, 
in which they remain for twelve hours. They are then trodden on a floor of sharply 
angular edges formed by bars of wood and subsequently stretched with the “ moon- 
knife" (Fig. 229). The latter consists of a circular knife in the shape of a quoit 
and is held by the workman by its inner edge and drawn down the flesh side of the 
skins, which are attached to a horizontal pole by one end, the other being held by 
the operator. The skins are then dried nearly completely and staked, which consists 
in drawing them over a blunt knife edge fixed in the top of a post. Staking is also 
done to a great extent by machine. 

The goods are then “aged" from one to three months, which is necessary in 
fixing the tanning agent and producing the necessary properties of the finished 
article. They are then dyed after the removal of part of the tawing mixture by 
treatment with tepid water. 

Aniline dyes or natural dyewood colours are used ; in the latter case an alkaline mordant is first 
given, and also usually the colour is made brighter and more permanent by the use of a striker 
consisting of a salt of zinc, iron, or copper. 

The manufacture of calf kid is similar to the process just described except that 
the puering process is omitted, the lime being removed by successive washings and 
working in the beam. 

After drenching, the skins are drummed in the tawing paste, which may consist, according to 
Procter, of 5 per cent flour, 2.5 per cent, alum, 1 per cent, salt, the yolks of twenty-five eggs or ij lbs. 
preserved egg yolk, 2 oz. olive oil, and ij-ij gals, of water to 100 lbs. of wet pelt. The skins are 
penetrated in several hours and allowed to lie in pile overnight and sometimes split, in this condition, 
in the band-knife machine. They are then dried rapidly and aged for one to three months after 
damping hack and staking by machine. After being thoroughly wetted back, the skins are given 
an alkaline mordant and blacked with an infusion of logwood or fustic fixed and darkened by a 
solution of ferrous sulphate. The wetting back causes a loss of part of the tanning material which 
is replaced by “ re-egging” with egg yolk and flour, and sometimes alum and salt If the goods are 
blacked on the table the “re-egging” is done previous to dyeing, but if dyed in the tray it is done 
afterwards, as the dyeing process would result m the removal of a further quantity of the material. 
After drying again, the goods are softened by staking or perching, and ironed after the application 
of a composition containing oil and wax, which results in a smooth glossy surface. The process is 
completed by the application of a final gloss and a small quantity of French chalk. 

A large number of processes, combining the use of alum with that of the vegetable 
tanning materials, are in use. 

Dongola leather, which is one of the most important products of these combination tannages, 
is made by han dling die skins in a bath containing gambier, alum, and salt 

“ Green leathers,” hugely made in the West Riding of Yorkshire, are first given a light gambter 
tannage and then handled in a hot and Strong solution of salt and alum, and finally heavily stuffed 
with sod oiL 
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Oil Tannage 

The greater part of the raw material used in oil tannage consists of the flesh 
split of sheep skins, the finished product being the ordinary “ chamois” or “ wash 
leather.” The skins are split after the completion of the liming process, and the 
loose and fatty middle layer is removed by a sharp knife on the beam (“frizing ”). 
Part of the lime in the goods is then removed by means of drenching (see p. 581). 
After draining, as much as possible of the water is removed, either by stocking with 
sawdust in the fuller stocks or by hydraulic pressing. By this means the fibre is 
isolated and opened out and the skin rendered porous and easily able to absorb 
the oil. The goods are then placed again in the faiier stocks (Fig. 228) and cod oil 
added in small quantities at a time and evenly distributed by the motion of the 
skins. They are then hung to allow evaporation of the remaining water and 
penetration of the oil. Care is necessary to avoid any part of the skin drying before 
absorption of the oil, or hard and transparent patches will result. The processes of 
oiling, stocking, and hanging are repeated till all the water previously in the skins 
has been replaced by oil. The goods are then hung in “ stoves ” heated to a high 
temperature in which large quantities of irritating vapours are produced by the 
oxidation of the oils. The oxidation is carried further in the English method by 
packing the skins in large boxes or tubs in which great heat is spontaneously 
generated, which would destroy the goods if allowed to proceed. When the 
maximum temperature, which the skins will safely stand is reached, the goods 
are removed from the boxes and strewn on the floor to cool. They are then 
replaced in the receptacles and the process repeated till oxidation is complete and 
no further heating occurs. In the French method the oxidation is completely 
effected in the stove without the use of the packing process. 

The goods are then dipped in water and wrung or hydraulically pressed, and 
the excess of oil thus removed constitutes moellon, ctegras, or sod oil, which is an 
extremely valuable material for use in currying, so much so that skins are frequently 
oiled and pressed for the sole purpose of obtaining it. 

A further quantity of sod oil of an inferior quality is obtained from the pressed 
leather by paddling with soda or potash solution and recovering the oil by decom¬ 
posing the soap thus formed by acidification with sulphuric acid. 

Buff leather, for military accoutrements, is made in a similar manner from hides 
after removal of the grain by frizing. Bleaching of buff and chamois leather is 
effected by exposure in a damp condition to sunlight, or by means of oxidising 
agents. 

A similar product, obtained without the use of oils, is the “ K&spine” leather of Messrs J. & E. 
Pullman.* The goods, prepared as for oil tannage, are treated in a drum with a very dilute solution 
of formaldehyde rendered alkaline with sodium carbonate. The product is very similar to oil-tanned 
leather, but needs no bleaching, being white right through. 

Various other methods of employing oils and fats in the tanning of leather are in use, of which the 
“ Crown” and *‘ Helvetia*’ leathers are the most important products. The method of manufac¬ 
ture of the formei, originally devised by Klemm, consisted in treating the prepared skins with a 
mixture of dour, ox-brams, butter, milk, and soft fat, and drumming in warm arums. 

“ Riems ” are made in South Africa by cutting a strip of raw hide, and suspending with a heavy 
weight on one end after coating with oil. By repeated oiling and twisting the thong is saturated 
with the oil, and an extremely tough and flexible leather is produced. 

Artificial leather, a product of recent years, is made by separating into their constituent fibres 
such substances as waste leather, cotton, paper, felt, etc. (as under Paper), then oiling the fibres to 
render them soft, and cementing them together by kneading with a solution of celluloid, viscose, or 
caoutchouc in special machines, drying ana calendering. The product is used for furniture-covering, 
stiff wallpaper, and ornamental articles such as cheap ladies* bags, purses, etc. 

Pergament, or parchment, is not true leather, but consists of calf skins and the flesh splits 
of sheep skins well rubbed with pumice stone and chalk paste, and dried in a stretched condition. 
It forms a horny substance, lacking the flexibility of leather; in a damp condition it may putrefy. 


* English Patent, 2,872, 1892. 
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Ordinary glue is a product of decomposition of nitrogenous matter contained in 
animal skins and bones. When hides are heated with water they swell up, lose 
their organic structure and dissolve to a clear solution, which on cooling—even 
when it contains only 1 per cent, of nitrogenous matter—solidifies to a jelly 
(“gelatine”) and dries to a transparent mass, known as glue. The dried mass 
will again dissolve in hot water, giving a solution which has an extraordinary 
adhesive capacity. 

Three main varieties of glue are manufactured: (1) Hide Glue; (2) Bone 
Glue; (3) Fish Glue. 

AU these kinds of glue have approximately the same composition (C=49-51 per cent., 
H=6.5*7.5 per cent., N=17-18.8 per cent, S=o.7 per cent.) and consist of a mixture of protein- 
like substances, the chief constituent of which is called “ Glutin.” Glutin has not yet been obtained 
quite pure, and is an amorphous, tasteless, and odourless substance, which swells up in cold water and 
passes into a colloidal solution in hot water; it is precipitated from aqueous solution by alcohol and 
Also by tannic acid, the latter uniting with it to form an insoluble compound, probably connected 
with the insoluble body produced in tanning leather (see Leather). 

Formaldehyde also renders gelatine and glue insoluble. Alum and ferrous sulphate in the 
presence of alkali precipitate glutin. 

When glutin is boiled with water for any length of time it undergoes further decomposition, 
yielding products very deficient in adhesive capacity and incapable of forming jellies (see p. 568). 


Manufacture of Hide Glue 

Fresh waste from tanneries and slaughter-houses (scraps of hide, earlaps, tails, 
tendons, feet of oxen and sheep, etc. etc.) is placed in cemented vats filled with 
thin milk of lime and left for three weeks or less. The lime saponifies fatty matter 
(forming insoluble calcium soaps and glycerol), and partially dissolves non-gluey 
matter, such as blood, flesh, coriin, thus making the hide loose and soft. Next, 
the material is freed from traces of lime (otherwise the product will be inferior) by 
careful washing and by treating with acid solutions, c.g., dilute sulphurous acid or 
spent tan liquor. Sometimes instead of liming a treatment with SO* followed by 
bleaching with bleaching powder, is followed. 
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The raw product thus obtained is rinsed and then boiled with the proper amount 
(not too much) of water in open tinned pans, usually provided with a false sieve¬ 
like bottom and heated by steajn coils or a steam jacket. The glue dissolves in the 
warm water, but hair and meat remain suspended. The fats and calcium soaps 
float to the surface and are skimmed off. Long boiling must be carefully avoided 
as it injures the glue. When solution is complete the liquid is filtered off as clear 
as possible through the sieve bottoms and run into a vacuum pan and is concen¬ 
trated at 6o° C. (see Fig. 21, p. 81, for a type of the vacuum pan employed). 
Higher temperatures seriously damage the sticking power of the glue owing to 
partial decomposition of the glutin. The lower the temperatures used the better 
the glue. When the concentration reaches 15-20 per cent., the yellow dirty-looking 
fluid is partially clarified by S 0 2 or other clarifying agent. 

Complete decolourisation is usually not possible even by the combined action of S 0 2 and animal 
charcoal. Great care must be taken in the use of decolourising agents since they usually seriously 
damage the glue. Alum, for example, renders much of the glue insoluble, and affects its adhesive 
properties. 

When the proper degree of concentration is attained the glue is poured in a 
thin layer about £ in. thick over large, flat, smooth surfaces usually consisting of 
surfaces covered with glass plates cooled below by cold water. The glue is thus 
rapidly cooled and sets to a gelatine. It is then cut up into tablets of convenient 
size, and rapidly dried at as low a temperature as possible. If the drying is not rapid 
enough putrefaction may set in, as gelatine is an excellent developing medium for 
bacteria; if the temperature of drying is too high the gelatine melts. The gelatine 
tablets are therefore usually laid on netting (its impression showing on the finished 
article), and dried in a draught of air at 20° C. in special chambers. The tablets 
thus produced contain about 15 per cent, of water, and a considerable amount of 
ash. The less the glue has been boiled and the thinner the plates the better the 
adhesive properties of the product. The value of a glue is tested by actual trial, 
the chemical analysis having little value as a criterion of its adhesive quality. 

Many attempts have been made to use tanned leather or leather wastes for glue making, but with 
somewhat doubtful success in most cases. Such leather is “ untanned ” by treating first with alkali, 
and then with lime. Chrome leather is untanned by dipping in dilute H0SO4, rinsing with H 2 0 , 
and neutralising with lime. The last traces of lime are removed by HC 1 , then alkali, and the 
product is finally washed and boiled for glue. 

Trotman (British Patents, Nos. 5,676, 12,393, 1911) decromes chrome tanned leather for the 
preparation of glue by treating with dilute IIC 1 or H 2 S 0 4 , washing, neutralising with alkali, 
and treating with sodium peroxide which converts the chromium compounds into chromates, 
which are then removed by washing. The amount of NaOH present is controlled by adding 
CaCl 2 (2NaOH + CaCl 2 =2NaCl + Ca(OH) 2 ). Trotman detans ordinary tanned leather by soaking in 
alkali, rinsing, treating with sodium peroxide, rinsing, and neutralising with acid. 


Manufacture of Bone Glue 

This is prepared by several processes. 

1 (a) Acid Process. —The bone is soaked in an 8 per cent, solution of HC 1 

» which extracts the mineral matter (calcium phosphate). The stiff cartilage remaining 
is washed with lime water and dissolved in boiling water as described under Hide 
Glue. 

The add solution of calcium phosphate is neutralised with milk of lime, and 
gives a predpitate of caldum phosphate, which is used for making manures or as 
a source of phosphorus. A yield of bone fat is also obtained. 

Yield.— 100 parts of bones give 16 glue, 35 calcium phosphate predpitate, 
8 fat 

The glue thus obtained is equal in every respect to hide glue. The add, 
however, render the process somewhat expensive, consequently sulphurous add 



A GELATINE LIQUOR INSTALLATION. 



A, A* ist and and cttei ts (climb¬ 
ing him t>pe) 

B 3rd effect (falling him type 
w ith side scpuatoi) 

( 1 iu steam ml< t 

I) Weak liquqr feed pump 
T) 1 Suttion to feed pump 
b ILL* Regulating feed i im ks 
on effects 

I , t 1 Sight glasses on liquor 

pipes between efticls 

( ondensed wattr cocks 
on effects. 

II Condensed water extraction 

pump 

1 ( oik tut rated liquor outlet 

cock 

J ( oucentrated liquor extrac¬ 
tion pump 

K \ ipour pipe to eondenstr 
K 1 , K" Vapour pipes bctwtm 
effects. 

l-i L 1 .1 * Supporting brukits on 

effects. 

M Working platiorm 
N,N*,N 8 Drain cot ks 
O Surface condenser with air 
pump. 



. .vjxv. . 

Fig 237 \ — Kestner Triple Effect Evaporator for Gelatine Liquors. 


^ig« 237 a shows a diagram of a Kestner triple effect vacuum evaporator 
used for concentrating glue and gelatine liquors, a and a 1 represent ordinary 
climbing film evaporators, such as have been deseribed under “ Sugar 99 on page 
158^. B represents a falling film evaporator, such as has been described under 
“ Condensed Milk 99 on page 82. 
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under pressure has been used instead of HC 1 for extracting the mineral matter—a 
method which economises the acid and prevents the formation of an insoluble 
crust of calcium sulphite, which otherwise greatly retards solution. 

Among other suggested improvements, German Patent, No. 166,904 purifies glue by dissolving 
it in warm MgS 0 4 solution and precipitating with IiCl; German Patent, No. 108,872 uses mono- 
chloracetic acid for extracting glue from bones, while German Patent, 177,625 uses dil. ammonia 
for the same purpose. German Patent, No. 187,261 bleaches glue by heating to ioo° C. with 
the basic zinc salt of formaldehydesulphoxylic acid. 

^ (p) The ordinary method is to first extract the bones with benzine or other 
solvent, thus obtaining the bone-fat (see under Fats). Steam is driven through the 
extracted bones to expel all solvent; the bones are then washed'in rotating drums 
to cleanse them from dirt, flesh, etc. Next the bones are coarsely broken, placed in 
four iron cylinders and treated several times in succession with steam under 
2 atmospheres pressure and with boiling water. The steaming has a disintegrating 
effect which renders the solution"of the glue by the water more easy. When most 
of the nitrogenous matter has been extracted by the water, the bones (which should 
now contain less than 1 per cent. N) are ground up and used as manure (bone meal). 
The glue solutions are evaporated in vacuum pans as above described. 

Since the mineral matter is closely united with the protein material of the bone, the glue is far 
more difficult to dissolve out from bones than from hides ; consequently this kind of bone glue, which 
has been produced with a considerable amount of boiling, is not so good as the hide glue or the glue 
produced from bones by the acid process. Putrefying bones also yield an inferior product. 

Fish Glue 

This is produced from fish scales and skins, also from fish heads and bones 
(especially cod) by treating with HC1, washing, liming, and boiling with water. 
The manufacture is carried out as with other glues, but alum is often used for 
decolourising. Isinglass is the purified and dried inner skin of the sturgeon’s 
swimming bladder. Glue has been manufactured from whale blubber (German 
Patent 131,315) by extracting the oil first by cold pressing, then by extracting with 
benzol; the glutinous membrane remaining, dry and entirely fat-free, is then 
worked for glue. 

Fish glue is used by cabinetmakers, and when properly made is as good as 
other kinds. Usually, however, it is deficient in adhesive power. 

Uses of Glue. —Glue is used extremely widely for many very different industrial purposes, c.g. t 
for sizing special kinds of paper (drawing); in the hat industry ; for finishing special kinds of woven 
material, especially silken netting; in ioinery for cementing together wooden joints; in the printing 
industry for making printers* rollers, which consist of glue and glycerin or glue and treacle, foiming 
an elastic, non-sticky and durable surface. In the colour industry paints are manufactured by rubbing 
up colouring matters with a solution of glue. In modelling and stuccato work a solution of glue is 
mixed with the plaster. “English Plaster**—used for wounds and cuts—consists of fine netting 
painted over with a solution of isinglass in alcohol. Cements for glass and porcelain usually consist 
of glue and mastic, or some similar resin, dissolved in alcohol. In the match industry very large 
amounts of glue are used as binding material. 

Testing Glue. —The strength of a glue is usually tested by glueing pieces of dry clean wood 
together and ascertaining the force required to break the joint Estimation of glue by precipitating 
with tannic acid is quite useless. 

Gelatine 

* 

Is a very pure colourless and odourless glue obtained either from calves’ heads 
or the cartilage and skins of young animals, only the first extracts being used with 
the best sorts, and concentration by evaporation being avoided. The raw material 
must be quite fresh and very thoroughly cleansed; the glue solution is carefully 
clarified, being bleached with sulphurous acid. Gelatine for photographic purposes 
must be especially pure, since the slightest trace of putrefaction causes die generation 
of reducing compounds which act on silver or gold salts in the film. Such gelatine 
is prepared from the head and leg portions of calves, which are useless for leather 
manufacture; gelatine prepared from skin tissues has a great power of coagulation. 
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Gelatine is usually made in the form of very thin leaves (to facilitate rapid drying). 
They are frequently dyed with coal-tar colours; sugar and alcohol added make 
gelatine more flexible. Gelatine is now produced as threads, as a powder, and in 
thick plates. 

Uses. —Gelatine is largely used as a food for making jellies, puddings, etc., for which purpose it 
is delicately coloured and mixed with sugar and flavouring materials. In photography it is largely used 
for preparing negatives, films, etc. Also for heliographical printing, the process depending upon 
the fact that if a plate covered with a mixture of gelatine and potassium dichromate is exposed to 
light, the illuminated portions become insoluble, while portions in the shade remain soluble; hence 
on washing the plate printable pictures are obtainable; formaldehyde also renders gelatine insoluble, 
and is used for making photographic films, vessels, ornaments, spangles for dresses, etc. The 
gelatine capsules used in medicine consist of gelatine and glycerol. In bacteriology gelatine is 
used as a transparent nutrition medium for cultivation. Fishing nets and sails are often coated with 
warm gelatine and then immersed in a concentrated solution of tannin, which renders the gelatin* 
insoluble and preserves the fishing nets against the attacks of destructive organisms. 

Gelatine is also used for removing turbidity from liquors such as beer and wine—which contain 
tannic acid. Isinglass (fish gelatine, consisting of the dried inner skins of the swimming bladdet 
of the sturgeon and similar fish) is also much used for clearing and similar purposes, but is now being 
gradually displaced by gelatine. 

Gelatine, isinglass, and other fish-bladder glues have only a very feeble adhesive 
power. 

A vegetable gelatine is yielded by Agar-agar, a seaweed of the East Indies. 
It is nitrogen-free, consisting of carbohydrate. 

Glutol or Glutoform is formaldehyde gelatine, prepared by evaporating a 
gelatine solution with formaldehyde or treating gelatine leaves with formaldehyde. 
Insoluble in hot water. Used as an antiseptic powder. 


Liquid Glue 

When a solution of glue is mixed with acetic, nitric, or hydrochloric acid, or heated with zinc 
chloride, the glue still retains its power of sticking, but has lost its power of gelatinising. The 
following are some well-known receipts: loo parts glue are dissolved in 110 parts boiling water, 
and 40 parts of nitric acid of 35° B 6 . are added. 12 parts glue + 32 parts H a O + 2 parts HC1 + 3 parts 
ZnS0 4 . Warm ten to twelve hours at 8o°-85 # C. 

“ Liquid Glue” is usually dextrin (which see) or of vegetable origin (see Gum Arabic, p. 346). 

Marine Glue consists of india-rubber (1 part) dissolved in turpentine or paraffin (12 parts), to 
which are added 2 parts asphalt or shellac. A powerful waterproof adhesive; must be applied hot 
Another recipe is: add 30 parts finely divided rubber to 2 parts melted tallow; melt carefully and 
stir in 2 parts lime or minium. 

Casein Cement is made by mixing fat-free fresh casein (cheese) with milk of lime. It must be 
used immediately. It is a powerful cement much used by joiners, bookbinders, etc., also for 
cementing glass and porcelain (see Industrial Casein, p. 79). 

For other adhesives, gums, etc., see under Dextrin, Gum Arabic, etc. 

Statistics.— England imported in 1910 of glue, size, and gelatine, 246.500 cwt (value £472,500;; 
gluestock, 175,200 cwt. (value £120,120); isinglass, 10,400 cwt. (value £109,800). 

The glue export amounted to 300,300 cwt (value £242,500). 

The yearly sale of glue in the United States amounts to about $12,000,000. The United States 
imported in 1910 73,400 cwt of glue (value $862,000); gluestock of value $1,605,000; gelatine, 
11,100 cwt. (value $387,000); isinglass, 3,000 cwt (value $76,000). 

The United States export of glue was 28,200 cwt. (value $299,000) in 1906, and 22,200 cwt 
(value $262,000) in 191a 
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LITERATURE 

Ruprecht.— M Die Fabrication von Albumen und Eierkonserven.” Vienna, 1904. 

Geoffrey Martin. —‘‘The Lecithin and Albumin Industry.” Chemical Worlds 1913, 2 » 47 

Two varieties of albumen are now on the market, viz., egg albumen and that 
derived from blood serum. They have different properties. 

Egg Albumen 

The approximate composition of egg albumen is: Water, 84 per cent.; dry 
albumen, 11.9; fats, etc., 3.6; ash, 0.5 per cent. 

Properties. —Egg albumen coagulates at 72°-73° C. In a 1 per cent, solution albumen coagulates 
at 56° C. The sp. gr. is 1.0026 for a 1 per cent, albumen solution, and 1.05x5 for a 15 per cent. 
Albumen is precipitated from solution by alcohol, tannic acid or tannin, lead acetate, metaphosphoric 
add, etc. 

Albumen combines with acids to produce acid albumens, and with bases to produce alkali 
albumens. It also unites with halogens—in fact it is a very reactive substance. All these compounds 
are unstable. 

When dried, albumen will keep almost indefinitely. Moist albumen soon putrefies. 

Manufacture. —The eggs are broken, separated from the yellow yolk without 
mixing, the albumen strained through silk gauze lining the lead-lined drums of 
centrifugal machines, allowed to settle for thirty to forty hours (or cooled five to six 
days to a low temperature in iron vessels), when the albumen should be quite clear. 
Some firms clarify by a little tannin or acetic acid and turpentine oil and pressure 
through a Vollmersch filtering apparatus. The clear albumen is then dried as 
rapidly as possible in a stream of dry air or in vacuo (see Fig. 21, p. 81, in Condensed 
Milk) under 50° C. (above this temperature the albumen becomes yellow) for 
about four to six hours, when it is obtained as thin clear elastic sheets; 230-300 
eggs yield 1 kg. dry albumen. With water it dissolves to a perfectly clear odourless 
solution. 

Industrial Lecithin (yolk powders) is made from the egg yolks above separated. The Lecithin 
forms a pasty mass which is absorbed in wheat protein, and sold as a component of invalid foods and 
for other purposes. Lecithin is a compound of choline, glycerol, phosphoric and various fatty 
adds, and occurs in the brain-substance, bile, and blood. It has great medicinal value. For 
methods of extraction see Gertnan Patents , Nos. 200,253, 210,013, 223,593, and French Patents , 
Nos. 37i»39 1 > 


Blood Albumen 

The freshly caught blood is spread in shallow dishes and when the separation into 
fibrin and pale yellow serum is complete, the latter is treated like egg albumen 
(above). To obtain the albumen quite pure the serum is forced through charcoal 
filters, the albumen precipitated with lead acetate, washed, and the lead albuminate 
decomposed with CO* settled, the lead removed by H 2 S and filtered, and the 
albumen evaporated in vacuo as above described. 1 kg. serum albumen requires 
the blood of 2.5 cows, 10 sheep, or 17 calves. For various improvements see 
English Patent 10,227, 1905, and German Patents 137,994, 143,042. 

Uses. —As a mordant in dyeing and calico printing; in the manufacture of 
gums and adhesives; as a clarifying agent; for the preparation of photographic 
papers; in medical foods. 

Statistics. —The German import in dried albumen amounted in 1910 to 612 tons, in value 
125,000: the majority came from China. The English import in 1910 amounted to £ 21 , 767 . 

The United States in 1910 imported 88 tons (value 829,000) of blood albumen ; 312 tons (value 
$269*000) of egg albumen $ and 3I tons of unspecified albumen (value, $1,200). 
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The following works deal with natural alkaloids:— 

Winterstetn u. Trier. —“ Die Alkaloide.” Berlin, 1910. 

Pictet. —“ Die Pflanzenalkaloide und Ihre Chemische Konstitution.” Berlin, 1900. 
BrOhl, Hjelt, u. Aschan. —“ Die Pflanzenalkaloide.” Braunschweig, 1900. 

J. Schmidt.— “ Pflanzenalkaloide (Konstitution u. Synthese).” Stuttgart, 1900. 

„ “ Die Alkaloidchemie in den Jahren 1900-1911.” 3 vols. 

For the Patent Literature up to 1905 see Winther’s “Patente der Organischen Chemie.” 
877-1905. 3 vols. For Trade Names of the newer drugs, see list on p. 667 (Appendix II.). 


INTRODUCTION 

It is impossible in the space at our disposal to give a complete account of the 
enormous number of new drugs now on the market. The reader is referred to 
the above-mentioned literature for further information. All that is attempted is a 
brief account of some of the more important of the drugs—especially the newer 
synthetic ones—which within the last few years have been placed on the market, 
and which will in the future play an important part in therapeutics. 

The larger modem chemical firms—such as Burroughs Wellcome & Co.; 
Merck; Meister, Lucius, & Briining—employ a staff of university-trained scientists 
to synthesise and test new drugs, and some of the recent discoveries made by 
these firms are certainly epoch making. The whole chemistry of Ergot, for example, 
has been revolutionised by recent work carried out in the laboratories of Messrs 
Burroughs Wellcome & Co. by Barger and others, while equally important 
work has been done by Meister, Lucius, & Briining of Hochst on Adrenaline and 
on the new organic arsenic compounds used in treating sleeping sickness an4 
syphilis. 


4 * 
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Statistics. —The following figures show the magnitude of tl e import and export of drugs into 
the United Kingdom 


Import. 



1906. 

1913- 

Value, 1913. 

Opium.- 

Quinine and quinine salts- 

Peruvian hark. 

Chloral hydrate. 

Chloroform. 

Other drugs and medical preparations 

825,836 lbs. 
i> 973>°39 02 - 
24,602 cwt. 
19,978 lbs. 
972 „ 

566,834 lbs. 
2,422,944 oz. 
26,122 cwt. 
23,501 lbs. 
1,366 „ 

,£507,361 

102,101 

58,000 

2,080 

347 

1,302,800 

Total - 


... 

£1,973.589 

The amount of imported tea for the manufactuie of caffeine was 
(value ;£ 10,300) in 1913. 

Export. 

1,500,000 lbs. 


1906. 

I 9 I 3 * 

Value, 1913. 

Cocaine. 

Morphia. 

Opium - ... 

Quinine and quinine salts 

Other medicines and drugs 

1*059,948 oz. 

3,300 oz. 
400,000 ,, 

12, too lbs. 
1,374,000 oz. 

£1,000 

i93»ooo 

12,400 

72,600 

2.072,000 


The United States imports (entered for consumption) in 1910 were:— 



Quantity. 

Value. 

Caffeine. 

60,500 lbs. 

$100,500 

Chloroform. 

960 „ 

1,500 

Cinchona hark. 

3,300,000 „ 

242,000 

Quinine sulphate, quinine, and other alka¬ 
loids from cinchona bark 

3,000,000 oz. 

398,000 

Cocaine. 

29,600 „ 

38,000 

Cocaine salts, eegonine .... 

24,900 „ 
181,600 lbs. 

42,000 

Ergot.* - 1 

53*ooo 

Ichthyol. 

14,400 „ 

21,500 

Iodoform. 

31 », 

97 

Opium. 

439.000 „ 

t, 575 »ooo 

Morphia and salts. 

13,000 oz. 

60,000 

Other opium alkaloids .... 

23,000 „ 

66,000 

Santonin and salts ----- 

7,300 lbs. 

53»ooo 

Strychnine and salts 

2,000 oz. 

1,000 


ANAESTHETICS 

Anaesthetics may be divided into (a) General Anaesthetics, (£) Local 
Anaesthetics. 

(a) General Anaesthetics 

Produce total insensibility to pain. Usually administered by inhalation# The most 
important are:— 

Chloroform, CHCl a .—For manufacture and properties see p. 377. For 
anaesthetic purposes it should contain 1 per cent, absolute alcohol, or it undergoes 
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decomposition. Used for operations where a considerable interval of anaesthesia 
is required. 

Ether, C 2 H fi .O.C^H 6 .—For preparation and properties see p. 381, Anaesthesia 
endures for a shorter time than that produced by chloroform. 

Ethyl Chloride, C 2 H 6 C 1 .—Obtained by passing dry HC 1 gas into ethyl alcohol 
in the presence of ZnCl 2 (see p. 377). B.P. 12.5* C., hence is gaseous at ordinary 
temperatures. Miscible with alcohol. Sparingly soluble in H a O. Produces anaes¬ 
thesia in 30 to 120 seconds, which endures for fifteen to twenty minutes. Only 
one nineteenth the paralysing action on the heart of that possessed by chloroform. 

Ethyl Bromide, C 2 H 6 Br.—Now produced very pure by Merck. Colourless 
liquid of B.P. 38.4° C.; sp. gr. (13 0 C.) 1.47. Produces extremely rapid anaesthesia* 
but has a somewhat irritating action on the lungs. 

Narcotil is a mixture of methyl and ethyl chlorides. 

Somnoform consists of the same ingredients with the addition of ethyl 
bromide. 


(i b ) Local Anaesthetics 

There is a large and increasing number of organic compounds which, under 
suitable conditions, can render certain definite portions of the body insensible 
to pain (“local anaesthesia”). Certain alkaloids, for example, when dropped upon 
the eye in the form of solution, render possible operations which would otherwise 
have to be performed under the influence of chloroform or one of the other general 
anaesthetics. Similarly, when such a substance is injected at the base of the spine, 
the whole of the region of the loins is rendered completely insensible to pain. 

The discovery of the action of these drugs is one of the very greatest importance to the medical 
man, and during the last ten years they have almost superseded chloroform for the performance of 
several of the less serious operations. Moreover, in cases where, for several reasons, it is not yet 
considered advisable to dispense with the use of a general anaesthetic, the quantity of the latter 
which is required has been considerably reduced by administering a local anaesthetic as well. This 
is of special importance in cases where, owing to certain diseased conditions of the organism, the use 
of chloroform is attended with more than the usual amount of danger. 

Most of these drugs are administered by injection into the region which it is desired to anaesthetise. 
For operations upon the eye, the solution is usually applied in the form of drops. 

The chief local anaesthetics employed are:— 

Cocaine, C 17 H 21 N 0 4 , a white crystalline alkaloid occurring in the leaves of 
Erythroxylon coca of Bolivia and Peru. The leaves contain 1 per cent, ether soluble 
alkaloids, about half of which is cocaine, the other alkaloids including tropacocaine, 
truxilline, cinnamylcocaine, and hygrine. The leaves are exhausted with water at 
6o°-8o° C., protein matter precipitated with lead acetate, excess of lead removed 
by Na 2 S04, the filtered solution concentrated, made alkaline with ammonia, and 
the alkaloid extracted with ether. 


Cocaine is raethylbenzoylecgonine, ecgonine being a carboxyl derivative of tropine. Its 
relationship to atropine, the alkaloid of Atropa belladonna or the Deadly Nightshade, will be seen 
from the constitutional formulae:— 


CHg-CH-CH a 

i.CH, CHOH 
!H-CH, 


JN.i 

H,-it 


Tropine. 


CH*. 


-CH-CHo 


N.CHj 


/ 

CH,-CH-CH, 



\:h,oh 


Atropine. 
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CH,-CH-CHCOOH 


N.CH, CHOH 


lH-CH, 


CH, CH-CH.COOCH, 

N.CH, i/ 1 * 

I I X).COC,H, 

CH,-CH-CH, 


Ecgonine. 


Other alkaloids, with very undesirable action, which occur in the coca leaves, may be converted 
into ecgonine by heating with HC 1 . Pure cocaine can then be prepared synthetically from ecgonine. 


Properties. —Large colourless crystals, M.P. 98* C.; bitter taste; very sparingly 
soluble in water; soluble in alcohol, ether, benzene, chloroform, etc. Forms 
monovalent salts with acids. 

In small doses the drug sustains muscular energy, raises the body temperature 
and blood pressure. Dilates the eye pupil. Excess causes death by convulsions. 
Its chief value is its power of paralysing nerve-ends, and so causing local anaesthesia 
for minor surgical operations. Maximum daily dose, 0.15 g.; maximum single 
dose, 0.05 g. For injections a 5-10 per cent, solution is used. 


Tropacocaine *benzoyl-^-tropine, C ia N 19 N 0 2 . Accompanies cocaine in the 
leaves of Erythroxylon coca; sixty-three times less toxic than cocaine, and its action 
commences more quickly. No dilation of the pupil. It is an excellent local 
anaesthetic, and is coming more and more into use. 

Synthetic substitutes for cocaine are :— 

Anaesthesine, NH 2 .< ^ ^ >.COOC 2 H 6 .—Obtained by reducing /-nitrobenzoic 

ethyl ester with Sn + HCl. Excellent anaesthetic of low toxicity and non-irritant 
power. Used for anaesthising wounds and checking vomiting. 

Novocaine, NH^ ^ >CQ 2 .CH 2 .CH 2 .N(C 2 H fi ) 2 , HC 1 . — Excellent local 

anaesthetic, used in dentistry, and for the production of spinal anaesthesia. Often 
used with adrenaline. 

Stovaine forms white, lustrous scales, M.P. 175“, readily soluble in water; 
prepared by the interaction of magnesium ethyl bromide and dimethylaminoacetone, 
and subsequent benzoylation of the product thus formed. It has the constitution 


CH3.CH2.C-O—CO.C e H B 

‘ CHsj. N. (CH,),. HC1. 

As little as 0.3 c.c. of a 10 per cent, solution are sufficient to produce anaesthesia 
in the legs below the knees. 

Much used as a local anaesthetic in dental, ophthalmic, and minor surgical 
operations. Much less toxic than cocaine. 

Alypine has the constitution 

CH*.N(CH,)g 
C,H,. C—O—CO—C,H, 

CH*N(CH,)*HC1. 

Readily soluble in H ,0 and probably superior to stovaine as a local anaesthetic. 
Used as a substitute for cocaine in 1-5 per cent solution. 
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When administered along with heroine (diacetylmorphine) the demulcent and sedative effects 
ot the latter drug are enhanced, and the combination has proved very successful in allaying the 
nocturnal cough of pulmonary tuberculosis.* 


The Eucaines. —The important results which usually follow the determination 
of the chemical constitution of any important physiologically active substance are 
well instanced by the existence of a- and /?-eucaine. 

The preparation of these two compounds was a direct outcome of the various 
attempts which were made to prepare substances chemically related to cocaine. 


Preparation of the Eucaines.— By the condensation of 2 molecules of acetone with 1 
of ammonia, diacetoneamine is formed (I.). If this be allowed to react with a third molecule of 
acetone, the symmetrical triacetoneamine is obtained (II.). If instead of allowing the diacetoneamine 
to react with acetone, acetaldehyde be used, the product is a substance known as vinyldiacetoneamine 
(III.). Thus:— 


(CH S ) 2 C-CH a 

NH CO 


ch 8 c. h + 

< - 

Acetaldehyde. 


CHgCH—CH a 

(in.) 

Vinyldiacetoneamine. 


<ch,) 2 c 

O 


H*N 

H 

H 


CH a COCH t 


I 


(CH,) a C-CH a 


1 

NH a CO 

CH t 

(I.) 

Diacetoneamine. 


+ (CH 8 ) 2 CO 

->■ 

Acetone. 


(CH,) 2 C-CHj 

NH CO 


(CH a )g.C-CH a 

(II.) 

T riacetoneamine. 


Triacetoneamine is a crystalline solid, M.P. 39°-40°. It has a strong alkaline reaction and 
its odour is ammoniacal, and also similar to that of camphor. When converted into its cyanhydrin, 
and then hydrolysed, methylation and benzoylation of the resulting hydroxy acid yield a-eucaine. 


(CH,) a C-CH a 

NH CO 
(CH S ) S C-CH, 

Triacetoneamine. 


(CHj^C-CH, 


(CH,),i 


NH l<f' J 

1 r 

S C-CH a 


OH 

OOH 


(CH s ) a C-CH a 

^O.COC,H, 

IX 


CH,—N 
(CH,),. 


| ^COOCH, 


a-Eucaine. 


Vinyldiaceto neamine is a volatile base, M.P. 27®, B.P. 200°, which forms salts with acids. 
When the carbonyl group in this substance is reduced, benzoylation yields a derivative, the hydro¬ 
chloride of which is 0-eucaine. 


(CH 8 ) 2 C-CH* 

1 1 

NH CO 


»<L 


CHj.CH—CH, 

Vinyldiacetoneamine. 


(CH,)*C-CH a 

L i< H 

1 I s511 

CH—CH, 


.CH; 


(CH,VC-CH a 

I I /H 

HC 1 .NH C < 

X).COC,H 8 
I 

CH..CH- 


J 

:-CH a 

/3-Eocaine. 


a- and / 3 -eucaine are colourless crystals, the former soluble in 10 parts and the 
latter in 30 of water. a-Eucaine has been abandoned in practice owing to its 
irritant action on the tissues. 


The anaesthetic action of / 3 -eucaine is somewhat feebler than that of cocaine, and in consequence 
of its vasodflatory properties it gives rise to haemorrhage and causes pain when injected. It has also 
a tendency, when used in ophthalmic surgery, to cause hardening. This difficulty seems to have 


Laufer, “ Merck’s Reports,” 1907; 31; Reiehs-Modixin*i-An*eigtr % 1907,17. 
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been largely overcome by Langgaard * by combining £-eucaine with lactic acid, when a product is 
obtained which is non-irritant and causes neither local anaemia, hyperaemia, nor shrinkage. 
Injections of £-eucaine have been employed by Opitz + with very great success in the treatment of 
sciatica and neuralgia, the drug having a decided curative as well as analgesic effect. 

In spite of the similarity m chemical constitution between the eucaines and cocaine, they are 
hardly such satisfactory substitutes for the latter drug as tropacocaine. 


SYNTHETIC ANTIPYRETICS 

Acetanilide, or Antifebrin, C fl H 6 .NH.COCH 9 , prepared by heating in 
earthenware vessels for one to two days equal parts of aniline and glacial acetic acid : 
C 6 H 5 .NH 2 + CH 8 .COOH - H 2 0 + C fl H 6 .NH.CO.CH 8 . 

Used as a febrifuge in cases of typhoid fever, small-pox, phthisis, rheumatism, 
and erysipelas. Prolonged use is dangerous. 

Acetylsalicylic Acid (Aspirin), C 0 H 4 (CO 2 .CH 8 ).CO 2 H, prepared by heating 
salicylic acid with acetic anhydride or acetyl chloride, and recrystallising from 
chloroform. See also American Patent 749,980 and English Patent 15,517/02. 
White needles, M.P. 135 0 . Moderately soluble in water, easily in alcohol and ether. 
Dose, 0.5 g.; 4 g. may be given daily for rheumatism and neuralgia. 

/O.C 2 H 6 

Phenacetine is acetyl /-phenetidine, C 6 H 4 \ NH Preparation.— 

Phenol, C a H 6 OH, is nitrated, aud the /-nitro-phenol, C fl H 4 .(N 0 2 ). 0 H, is separated 
from the ^-compound, and ethylated with ethyl sulphate, whereby C 6 H^N 0 2 ). 0 C 2 H 5 
is produced. This is reduced with Sn + HCl, thereby producing Phenetidine, 
C 8 H 4 (NH 2 ).OC 2 H 6 , which is then acetylated by boiling with acetic acid, thus 
producing phenacetine, C fl H^.(OC 2 H fi ).NHCOCH 8 . White crystals; tasteless; 
valuable antipyretic and antmeuralgic. Dose, 0.5-0.75 g. Very largely used, 
England importing about 8£ tons yearly. Owing to its sparingly soluble nature its 
action takes place slowly. This defect is partially overcome by introducing an NH 2 
group into its acetyl group, thus producing Phenocoll. 

Triphenine is propionyl-/-phenetidine, C 6 H 4 (OC 2 H 6 )NH(CO.CH 2 .CH 8 ), pre¬ 
pared similarly to phenacetine by heating /-phenetidine with propionic acid. Very 
sparingly soluble in H a O. M.P. i2o° C. Antipyretic and antineuralgic. 

Phenocoll, C 6 H 4 (OC 2 H 6 ).NH.CO.CH 2 .NH 2 .—It is prepared by acting on 
phenetidine with chloracetyl chloride, and treating the resulting compound with 
ammonia; its salts are soluble in water. It is a rapidly acting antipyretic and 
antineuralgic, but is transitory in its effects. 

Neraltein, a new drug, is the sodium salt of /-ethoxyphenylaminomethane- 
sulphonic acid; white crystals, soluble in 10 parts of cold water. 

C a H,0<^ ^>NH.CHj.SO a ONa + H s O. 

Only slightly toxic, and in small doses produces no irritation of the kidneys; 
possesses good analgesic properties, and has been used in slight cases of rheumatism. 

Antipyrine is the most important member of the “ pyrazolone drugs.” 

Manufacture.—-Phenylhydrazine (II.) (216 parts) is dissolved in dilute sulphuric acid (300 g. 
of add in 2 1 . of water). Ethyl acetoacetate (I.) (260 parts) is then allowed to flow into the solution 
at a temperature of about 40*, the mixture being stirred constantly. Atter the reaction is at an end, 
excess of caustic soda solution is added and the mixture extracted with ether. From the ethereal 
extract, after washing with caustic soda solution and drying over caldum chloride, methyl-fftenyl- 
pyrazolone (III.) is obtained as an oil which can be distilled in vacuo. 

When 200 parts of this are heated with X40 parts of methyl iodide and 200 parts of methyl alcohol 
at ioo°-iio* for twelve hours, methylation takes place. After removing the alcohol by evaporation 


# ** Merck’s Reports,” 1904* 63 ; Tkerapcutische Monatshefte , 1904, No. 8, 416. 
i Ibid. 1907, 97; KUnisch-tkerapcutische- Wochemchrift % 1907, No. 14. 
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the residue is decolourised with a little dilute solution of sulphurous acid. Caustic soda is then added 
and the precipitated oil extracted with benzene from which solvent the drug can be crystallised. 


CH,CO 

Hal 


CH,.C—CHg 

II 1 

CH 3 G=€H 
| | 

dm* 


i- 

-y l CO - 

—> CH,.N CO 

1 




\/ 

OC.OCgH. 

HN.C,H, 

N.C e H, 

N.C,II, 

(I.) 

(II.) 

(III.) 

(IV.) 

Ethyl acetoacetate. 

Phenylhydraciaa. 

Methyl.phenylpyTazolona. 

Antipyrine. 


CH—CH 

1 io 


2 


\/ 


NH 


Pyrazolone. 


Antipyrine (IV.) forms colourless, inodorous, scaly crystals possessing a bitter 
taste; readily soluble in water, chloroform, or alcohol. M.P. xi2°-ii3°. Acts as 
a base forming salts directly with acids. Much valued for the treatment of fever, 
neuralgia, and rheumatism. Dose, 0.25-2 g. daily. 


Tussol—prescribed for whooping cough—is the antipyrine salt of Mandelic acid. 

Migr&neine is a mixture of caffeine citrate and antipyrine, used for headaches, etc., as an 
antipyretic and antineuralgic. 

S&lipyrine is antipyrine salicylate. 


Pyramidone, 4-dimethylamino-antipyrine, is prepared from antipyrine hydro¬ 
chloride by the action of nitrous acid whereby a nitroso-antipyrine is produced (I.). 
On reduction this is converted into aminoantipyrine (II.) which is isolated in the 
form of its benzylidene derivative. On treatment with methyl iodide it yields 
pyramidone (III.)* This forms small colourless crystals of slightly bitter taste which 
are readily soluble in water. M.P. 108 0 . 


CH S C=CH 
CH,.N CO 

V 

N.CgH, 

Antipyrine. 


CH s O=C.NO 

I I 

CH S .N CO 

\/ 

N.C e H § 

(I.) 


ch,c=c.nh 2 

CH,.N CO - 

\/ 

N.c a H 6 

(II.) 


ch s c=c.n.(ch 8 ) s 

CH,N io 
\/ 

N.C„H c 

(III.) 

Pyramidone. 


Pyramidone possesses advantage over antipyrine in that it may be prescribed in cases where there 
is cardiac weakness. The effective dose is only one-third that of antipyrine while it has no irritant 
effect on the stomach or kidneys. 

It has been largely used to allay the high temperatures of typhoid fever and of phthisis, and 
also in neuralgia ana rheumatism. 


Trigemine is dimethylaminoantipyrine + butyl chloral hydrate, C ir H 24 0 8 N 8 CI 8 , 


or 


CH, 

/ 

CH,—N C— 

I / X| 

C,H B —N—CO 


CH, 

CH, 


CH, 


HCl 


+ CCla 

CH 

/\ 

HO OH 


It is prepared by mixing dimethylaminoantipyrine with butyl chloral hydrate. 
M.P. 85*. Soluble in H 2 0 , alcohol, and benzene; less so in ether and ligroin. Has 
an analgesic effect, and is prescribed for headaches, neuralgia, etc. Mild antipyretic 
Dose, 0,5-1. a g. 
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HYPNOTICS 

An ideal hypnotic will produce a normal sleep as differentiated from a narcotic 
which produces unconsciousness by intoxication. 

The first hypnotic used was Chloral Hydrate, CC 1 8 .CH( 0 H) 2 (1869), the 
manufacture and properties of which are treated on p. 379. Chloral hydrate, while 
producing sleep, exerts a depressing action on the heart, sometimes acts as a toxic 
agent, and often sets up the “chloral habit.” Consequently a large number of 
substitutes have been sought. 

Dormiole is amylene chloral, CC1 8 .CH(OH).O.C 5 Hj 1 , produced by mixing 
6 parts amylene hydrate + 10 of chloral. Colourless oily liquid, insoluble in water, 
soluble in alcohol, ether, acetone, etc. Useful and harmless soporific in heart 
disease and nervous troubles, etc. 


Isopral is trichlorisopropyl alcohol, CC 1 8 .CH( 0 H).CH 8 , prepared by 
treating chloral with methyl magnesium iodide and decomposing with dilute acid— 

CClj-CHO + CH 3 .Mg.I = CClg. CH. (OMgl). CH S + H a O = CC 1 8 .CH( 0 H).CH 3 + Mg(OH)I. 

Colourless crystals, M.P. 49° C., soluble in alcohol, ether; sparingly soluble in H 2 0 . 
Twice as powerful hypnotic as chloral hydrate. Dose, 0.5 to 1 g. In insanity, 2-3 g. 

Acetone Chloroform, Chloretone, (CH 8 ) 2 .C.( 0 H).CC 1 8 , is used as a soporific, 
inhalation anaesthetic, and a remedy for sea-sickness. 


Sulphonal, diethylsulphonedimethylmethane (III.), is prepared by condensing 
acetone with ethyl mercaptan (I.) and oxidising the resulting compound (II.) with 
potassium permanganate. 


CH 

CH 



Acetone. 


hs.c 2 ii 6 

HS.CgHs 

(I.) 

Ethyl mercaptan. 


CHjvyS.CjH, 

' cn/ ^s.CjH, 

(II.) 


CH^SOWQ* 

CH/ ^SOg.CjH, 

(HI.) 

Sulphonal. 


Heavy, colourless prismatic crystals, M.P. 125.5°, soluble in 500 parts of water, 
133 parts of ether, and 65 parts of alcohol at 15° C., and in 15 parts of boiling 
water. It should be free from odour. Used as a sleep producer (dose, 10-20 gr.» 
0.65-1.3 g.), also prescribed in epilepsy and in diminishing the sweats of phthisis. 


Single, occasional doses do not affect the health, bat the continued administration of the drug 
has been known to lead to serious consequences, such as mental confusion, difficulty of speech ana 
breathing, paralysis of the legs, and finally death. 


Trional and Tetronal are two drugs closely allied to sulphonal. 
constitution is shown below:— 


CHgv .SOg-CaH 5 
CgH/ ^SO.-CaH* 


(I.) 

Trional. 


CgHjs. /SOg. CjHj 

\ 


<w 


so 2 .c,h, 
-(ii.) 

Tetronal 


Theit 


The methods employed in their manufacture are analogous to those employed for 
sulphonal. 


Trional forms colourless crystals, M.P. 76’, readily soluble in alcohol and ether, 
slightly so in water. The dose for insomnia is from 1-2 g., as an anhydrotic from 
0.25-0.5 g. It is contra-indicated in certain affections of the heart 
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Tetronal forms lustrous leaflets melting at 85° and possessing the solubilities 
and general action of the last two drugs. Dose, the same as for trional 


The physiological action of these drugs depends on the presence of the ethyl groups, since 
dimethylsuljphonedimethylmethane (I.) is practically without hypnotic effect. Moreover, the 
intensity of the physiological action increases as we pass from sulphonal to tetronal, *.<?., as the 
number of ethyl groups increases. In this connection it is interesting to note that if one of the 
methyl groups in sulpnonal be replaced by a phenyl group, the resulting substance (II.) is devoid 
of soporific effect, but if both methyl groups are so replaced an intensely poisonous compound (III.) 
is obtained. 

CH 8N ^ / SO a .C 2 H 5 CeH5v.SO2.C2H6 

C,h/ ^SOj-CaH, C,H/ \SO s .C 2 H 11 

(I.) (II.) (III.) 


CH,v /SOa-CH, 
CH/ ^SOa-CH. 


Keane,* in a lecture delivered before the Liverpool Section of the Society of Chemical Industry, 
draws attention to the fact that the ethyl groups of the sulphone hypnotics are the agents whereby 


the grouping 


x 50-- . 

' x so 2 - 


which is really the carrier of the soporific action, can be brought into 


combination with the protoplasm of the living organism. 


Hedonal, methylpropylcarbinolurethane, NH 2 .CO.O.CH(CH 8 )(C 8 H 7 ), is pre¬ 
pared by acting on secondary amyl alcohol, (CH 8 )(C 8 H 7 ).CHOR, with ethyl chloro- 
carbonate, and then treating with NH 8 . Crystals; M.P. 76*; sparingly soluble in 
cold, easily in hot H 2 0 . Hypnotic in cases of hysteria or neurasthenia. Dose, 
1.5-2 g. in alcohol. 


Veronal, t diethylmalonylurea, or diethylbarbituric acid, C 8 H 12 0 8 N 2 , introduced 
into therapeutics in 1903 by Emil Fischer and von Mering, is prepared by the 
condensation of diethylmalonyl chloride (I.) or ethyl diethylmalonate (II.) and 
urea:— 


NIIH C 1 .CO 



Urea. Ethyl 

diethylmalonate. 

(ii.) 


NH-CO 

| | /°« H * 

CO c 

I I XC » H » 

NH-CO 

VeronaL 


Small transparent crystals; M.P. 191 0 ; soluble in 145 parts H 2 0 at 20* G, 
12 parts H 2 0 at 100* C The monosodium derivative is more soluble, and so is 
frequently employed. An excellent soporific (dose, 0.5-1 g.). Used in seasick- 
v ness, vomiting, etc. 


* fount. Soc. Ckem. Ind 1 , 15th April 1910. 

f See Merck’s “ Annual Reports,” 1903-1910, and a pamphlet entitled “ Veronal,” also published 
by the same firm. 
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It is very much to be preferred to other drugs in cases where the patient may have to receive a 
hypnotic for a protracted period, since there seems to be no evidence to show that it produces a habit, 
although in time the effective dose of the drug may have to be raised slightly. In such cases the 
treatment may advantageously be varied by the prescription of proponal (see below). It has been 
successfully used as a partial substitute for morphine in the early stages of treatment of patient! 
striving to break off a habit for that drug. 


Proponal* is dipropylmalonylurea or dipropylbarbituric acid:— 

NH—CO 

/C ,H, 


CO 


NH—CO 


C 8 H* 


The preparation is analogous to that of veronal. It is less soluble than the latter 
drug, dissolving in 70 parts boiling and r,64o parts cold water. Dose in simple 
insomnia-0.15-0.2 g. 


It not infrequently produces a remarkably prolonged effect, a feeling of drowsiness persisting for 
some hours after awakening. This drug seems to be quite equal to veronal in its freedom from 
unpleasant effects. 

It is probably the presence of the urea residue which is responsible for the soporific effect in 
veronal and proponal. This is evident from the fact that while the amide of diethylmalonic acid (I.) 
has no hypnotic effect, diethylacetyl urea (II.)—in which a urea residue has been introduced—is as 
strong a hypnotic as sulphonal. The action of the urea radical is greatest when it is present in the 
form of a cyclic ureide, as in the veronal group of hypnotics (III.). 


CO.NIIg 
I /Q.H. 

[V.H. 

CO.NII a 

(I.) 


Amide of diethylmalonic acid. 
No hypnotic properties. 


CO.NH.CONHj 

U". 

| x Q,h„ 

H 

(XI.) 

Diethylacetyl urea. 
Hypnotic properties. 


V 
/ \ 


CO—NH 


^>CO 


CO—NH 


(III.) 

Hypnotic group in veronal and proponal. 
Strong hypnotic properties. 


Overtont has shown for a large number of hypnotics that the intensity of the 
narcotic action of a given drug is proportional to the ratio between its solubilities 
in oil and in water (/>., distribution coefficient). 


The discovery is important because the material of nerve cells is largely composed of oily oi 
fatty substances (lipoids). 

The narcotic drug, after introduction into the system, rapidly finds its way into the blood, in 
which condition it is practically in aqueous solution ; the extent of its narcotic action, or, in other 
words, the extent to which it permeates the nerve cells, depends, therefore, on the ratio between 
its solubility in the serum and in the cell lipoids. This applies, of course, to drugs such as 
chloroform and ether as well as to sulphonal, trional, etc. 


ADRENALINE 

Adrenaline (epinephrine, suprarenine, hemisine), the active principle of the 
suprarenal capsules, has the constitution— 

OH 

CH 2 NH.CH, 

Adrenaline forms white, light crystals, M.P. 2io°-2i2°, very sparingly soluble in 
water, alcohol, and ether; soluble in dilute acids. The aqueous solution has a 



# Merck’s “ Reports,” 1905-1909. 

t "Studien tiber Narcose, Dissertation, Jena, 1901; see also. Pfluger’s Archives, 92, 115-280. 
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bitter taste and is faintly alkaline. In alkaline and neutral solution it is a strong 
reducing agent, absorbing oxygen from the air and turning brown, the change being 
accompanied by a diminution in physiological activity. 

Adrenaline is known in all three possible forms, viz., laevo-rotatory (/), dextro¬ 
rotatory (</), and racemic {dt). 

In the suprarenal capsules only the laevo-rotatory base occurs, and this is by far the most physio¬ 
logically active, being (as regards rise of blood pressure) twelve to fifteen times stronger than the 
{/-modification, and twice as strong as the dl or racemic variety. 


(a) Extraction of /-Adrenaline from the Suprarenal Glands. —Taka- 
mine extracted at 95° C. the disintegrated suprarenal glands of sheep or oxen with 
water acidulated with HC 1 or acetic acid, concentrated the extract, added alcohol 
until no further precipitate was thrown down, filtered, evaporated in vacuo , and 
rendered alkaline with ammonia. In a few hours adrenaline crystallised out and 
was purified by solution in acid and reprecipitation with ammonia. 112 kg. of 
fresh tissue yield 125 g. adrenaline. [a] D = -51.4° in HC 1 . 


( b ) Synthetic Preparation of Adrenaline (Stolz).—Chloroacetylchloride (I.) 
or a mixture of raonochloroacetic acid and phosphorus oxychloride is made to react 
with catechol whereby chloroacetylcatechol * (II.) is produced. This is then mixed 
with alcohol, and an aqueous solution of methylamine run into the cooled mixture. 

The methylamine salt of the chloroacetylcatechol is first produced, but on stand¬ 
ing changes to methylaminoacetylcatechol (III.) which crystallises out. This ketone 
is known as adrenalone; its salts with acids differ from those of adrenaline in that 
sodium acetate precipitates from them the free base. 

By reduction of a solution of adrenalone sulphate by means of aluminium turn¬ 
ings t in presence of mercuric sulphate, adrenaline (IV.) is obtained. 

Dakin \ has also reduced adrenalone electrolytically. 


CHgCl.COCl 


(I.) 


OH 



CHoCl 


(II.) 


OH 



CO 

I 

ch 2 .nhch 8 

(III.) 


OH 



CHOH 

I 

ch 2 .nhch s 

(IV.) 


Chloracetyl Chloracetyl 

chloride. catechol. 


Adrenalone. 


Adrenaline. 


This preparation of synthetic adrenaline was carried out by Stolz whilst working in the laboratories 
of Messrs Meister, Lucius, & Briining. 

The product is known as synthetic or racemic adrenaline, and is about half as physiologically 
active as the natural /-rotatory adrenaline. The resolution of this racemic adrenaline into /-adrenaline 
—identical in all respects with the natural product—and {/-adrenaline, has been achieved by Flacher 
(also of Meister, Lucius, & Briining’s staff) as follows:— 


Resolution of Synthetic Racemic Adrenaline. § —Synthetic adrenaline is dissolved in a hot 
methyl alcohol solution of the molecular equivalent of {/-tartaric acid, the alcohol removed in vacuo 
at 35°-40°, and the residue crystallised by seeding with the acid {/-tartrate of /-adrenalin. The 
crystals of the acid {/-tartrate of {//-adrenaline are then stirred with methyl alcohol, when the acid 
{/-tartrate of the /-base remains undissolved while the isomeric salt passes into solution. The crystals 
are filtered off, washed, and recrystallised from alcohol until a product is obtained melting at 149°. 
The laevo-adrenaline recovered from this showed a rotation of [a] D -51.4° in dilute hydrochloric 
acid solution, melted at 2ii°-2i2* (the melting point of {//-adrenaline), and was identical in ail respects 
with the natural /-adrenaline obtained from the suprarenal glands. 

The deactro-adrenaline is obtained by regenerating the base from the methyl alcohol mother 
liquors, and submitting it to a similar treatment with /-tartaric acid, M.P. 2ii # -2i2°; [a] D = +51.9° 
in dil. HQ. Very little physiological action. 


# Bull , Soc. Chim . [3], 12, 1911 (1894). 

+ Cent . Blatts, 1905 (I.), 315. 

X Ibid. (II.), 57. 

§ Flacher, Hoppe-Seyler’s Zeitsckrift , Vol. 58, part 3, p. 189. 
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Clinical Uses of /-Adrenaline. —When injected subcutaneously it intensely 
contracts the arteries and increases the blood pressure. 

So enormously powerful physiologically is adrenaline that the injection of one-millionth of a grant 
for every 2 lbs. weight of an animal causes the blood pressure to suspend a column of water 7 in. 
higher than it would otherwise do. A dose of one-twentieth of a milligram intravenously injected 
in rabbits doubles the general arterial blood pressure, and less than one-millionth of a gram gives 
a distinct action. 

The contractile effect on the arteries is so great that it drives blood away from 
the injected tissues and thus allows “ bloodless ” surgery, adrenaline being to-day 
the most valued styptic known. 

It has oeen used in ophthalmic surgery in conjunction with cocaine or similar drugs (see 
Section I., p. 603) for the production of local anaesthesia along with anaemia of the conjunctiva. 
If administered along with an anaesthetic such as chloroform or ether, adrenaline tends to prevent 
the fatal collapse which sometimes occurs under these conditions, while for minor operations, as m 
dentistry, when employed along with cocaine, it prevents severe bleeding. 

It is employed in the earlier stages of Addison’s disease, which arises from a 
diseased condition of the suprarenal glands. It is also used in cases of catarrh. 
Strength of solution used for injection is 0.1-0.01 per cent., maximum dose for 
injection = 0.0005 g* 

The introduction of adrenaline into Surgery is largely due to the scientific work 
of the firm Meister, Lucius, & Briining. 

A number of important recent researches have been made on the connection between the 
physiological action of adrenaline and its chemical constitution, with the object of ultimately 
synthesising other drugs with similar or more powerful characteristics. See Dakin, Proc, Roy . Soc. 
Lond 76, Series B, 498-503 ; also Cent. Bl 1905, ii. 1458, and Journ . Physiol 1905, 32, p. 35 ; 
Loewi and Hans Meyer, Cent. Blatt ., 1905, mi ; Barger and Dale, Journ. Physiol. , 1910, 41, 19. 

3 : 4-Dihydroxyphenylethylmethylamine, HO< ^ ^ >CH 2 .CH 2 .NH.CH a 

H0 

is closely allied to adrenaline both in formula and physiological actio% It is pre¬ 
pared by the degradation of papaverine (compare Pyman, Trans . Chetn . Soc ., 1910, 
97, 264), and is placed on the market by Burroughs Wellcome & Co. under the 
name “ Epinine.” 


ERGOT, Etc. 

Ergot (Claviceps purpurea , Sclerotium clavus , and Spermaldia clavus ), a dark- 
coloured fungus which attacks damp rye and other grasses, and when contained in 
flour causes the disease known as Ergotism, is much used in midwifery for causing 
powerful contractile action of the pregnant uterus. When injected, it produces a rise 
in blood pressure, and is sometimes used to check haemorrhage from the lungs and 
other internal organs. 

Formerly no method of testing the efficiency of the various ergot preparations was known, but 
now the strength is ascertained by noting the quantity required to blacken (cause gangrene) a cock’s 
comb. 

Ergot is detected in flour by extracting with boiling alcohol, acidifying with H2SO4, and examining 
the alcoholic extract spectroscopically. If ergot is present the solution is reddish and shows 
characteristic absorption bands. 

Chemical Constituents of Ergot. —Ergot is a complex mixture of alkaloids. 
The chief physiologically active ones isolated are:— 

* Ergotoxine, CggH^OgNg, white amorphous powder, is the physiologically 
active principle of ergot, since it produces a strong rise in blood pressure, causes 
gangrene of the cock’s comb, and powerfully contracts the pregnant uterus, although 
having little effect on the isolated non-pregnant uterus. 

/-Hydroxyphcnylethylamine, HO.< ^ / CH 2 .CH 8 .NHg, is present in the 
aqueous extract of ergot, from which it was extracted and later on synthesised by 


Barger and Carr, Trans., 1907, 91, 347 ; Barger and Ewins, ibid., 1910, 97, 384. 
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Barger (Proc. Physiol, Soc., 1909, 37, 77; Btochem. Journ., 1907, ii. 240; Trans . 
Chem. Soe., 1909, 95, 1123, 1720). M.P. 161 0 . Is now placed on the market by 
Messrs Burroughs Wellcome & Co. under the name Tyramine. In addition to 
raising the blood pressure and producing strong contraction of the pregnant uterus, 
it greatly increases the vigour of the heart’s action, and may be administered in case 
of shock or collapse. 


Iso-amylamine, (CH 8 ) 2 CH.CH 2 .CH 2 .NH 2 , isolated by Barger {foe. at.) from 
aqueous extract of ergot by steam distillation. Increases the blood pressure and 
contracts pregnant uterus. 

Both /-hydroxyphenylethylamine and isoamylamine are present in putrid meat. 


4 (or 5)-^-Aminoethylglyoxaline, also known as /8-iminazolylethylamine, is also 
contained in ergot. (Barger and Dale, Trans., 1910, 97, 2592 ; Ewins and Pyman, 
Trans.,’ 1911, 99, 339; Ackermann, Zeitsch. Physiol. Chem., 65, 1910, 504). It 


has the constitution 


CH—NH 

\ 

CH, and is prepared synthetically 


NH 2 .CH 2 .CH 2 .C-N 

(Windaus and Vogt, Ber ., 40, 1907, 3691; Pyman, Trans.. 1911, 99, 668). It is 
now placed on the market by Burroughs Welcome & Co. under the name 
“ Ergamine.” It decreases the blood pressure and powerfully contracts the 
isolated uterus even in a non-pregnant condition. 


Hordenine, HO.C 6 H 4 .CH 2 .CH 2 .N(CH 8 ) 2 , was isolated by Leger* from 
barley-malt germs, in which it is present to o. 2-0.5 P er cent., by extracting with 
alcohol in the presence of tartaric acid, filtering, neutralising, extracting with ether, 
and crystallising the product from alcohol. It is a strong base, sparingly soluble 
in water, soluble in alcohol, ether, CHCL, etc., and forms crystalline salts with acids. 
Hordenine retards coagulation of the blood and when injected raises the blood 
pressure, although not to the same extent as adrenaline or the ergot bases. Not 
very toxic. Used in dysentery and as a heart tonic. Preparations are placed on the 
market by Merck and by Burroughs Wellcome & Co. It has been synthesised by 
Barger {Trans. Chem . Soc., 1909, 95, 2193). 


SYNTHETIC DRUGS USED IN PARASITIC DISEASES, 
SUCH AS SLEEPING SICKNESS, SYPHILIS, Etc. 

Atoxyl, Arsamin, or Soamin, the mono-sodium salt of /-aminophenyl- 

arsonic acid, NH 2 .C fl H 4 .As^OH, is prepared by heating arsenic acid with aniline at 

X)Na 

i9o*-2oo* C., converting into the sodium salt by agitating with NagCOg, and 
recrystallising from water. 

A white powder, tasteless and odourless, easily soluble in H 2 0 . Decomposes 
in stomach and so is given subcutaneously. Used in the treatment of sleeping 
sickness and syphilis. Dose, about 0.5 g. Incautious treatment may lead to 
blindness and symptoms of poisoning, (headache, colic). Also used in tuberculosis. 

Acetylatoxyl or Arsacetin, CH 8 CO.NH.C 6 H 4 .As^-OH, is soluble in 

x ONa 

water (1 partin 10). More chemically stable and less toxic than atoxyl. It has 
been successfully employed in sleeping sickness, skin diseases, and syphilis. Dose, 
0.6 g. injected in 10-15 per cent, solution. 


Compt. rend.. 1906, 142, 108, 143, 234, 916 et seq. 
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Salvarsan, “ 606,” is dihydroxydiaminoarsenobenzene dihydrochloride, and is 
believed to have the constitution:— 


HO. 


NH 2 .HC 1 


-As=A: 


OH 


NH^HCi 


Ir is prepared, according to the English Patent 13,485, 1910, by nitrating the Na- 

salt of /-hydroxyphenylarsonic acid, HO.<f N.As^OH, whereby the nitro-body 

X -' X OH 


HO.<^ S.As^OH is produced; this on reducing with Na-amalgam or NajS r 
X —r X OH 

NO* 


condenses, with the ultimate production of the dihydroxydiamino-compound, 
whose hydrochloride is known as Salvarsan. Salvarsan is a bright yellow 
powder supplied in glass tubes filled with an inert gas to prevent oxidation. 


The introduction of Salvarsan by Ehrlich and Hata in 1910-1911 caused a sensation in the 
medical world. It is stated to be a specific cure for syphilis, a single injection into the buttocks 
having effected a complete cure in many cases. It is placed on the market by Meister, Lucius, & 
Briining. See “ Salvarsan,” by Martendale and Westcott (London, 1911); also Ehrlich and Hata’s 
treatise, “Die Experimentelle Chemotherapie,” Berlin, 1911. 


Arsenophenylglycine (“418”), a predecessor of salvarsan, has the formula 
COOH.CH 2 .NH<^ )>As=As<( )>NH.CH 2 .COOH. Also a powerful curative 
agent for syphilis, but not so popular as salvarsan. 

Ichthyol is a volatile oil containing sulphur obtained by heating “ stink-stone ” 
or “ oil-stone n —a bituminous schist found in the Tyrol (Seefeld). The salts of 
ichthyol sulphonic acid (obtained by treating ichthyol with concentrated H 2 S 0 4 ) are 
used therapeutically, the ammonium salt, ammonium " sulphoichthyolicum,’ 
being obtained by neutralising the sulphonic acid with ammonia and evaporating to 
a syrup. It is sometimes called “ ichthyol.” It forms a reddish brown syrup, 
soluble in water, with a smoky taste and smell. Much used externally in cases of 
skin diseases and internally in cases of tuberculosis, catarrh of the lungs, chronic 
diseases of the stomach and intestines. The Na-, Li-, and Zn salts are also used. 


Ichthyol-Albumen (*Ichthalbine) is obtained by precipitating albumen 
solution with a solution of ichthyol sulphonic acid. Grey-brown powder, soluble in 
water, insoluble in the stomach. It decomposes in the intestine into ichthyol and 
albumen, and is used for intestinal catarrh. 


Ichthoform is a compound of ichthyol sulphonic acid and formaldehyde. 
Dark powder, insoluble, almost odourless and tasteless. Used externally as an 
iodoform substitute for wounds, and internally as an intestinal antiseptic. 


Santonine, the lactone of santoninic acid, C 15 H« 0 O 4 , is separated 

. ~ from the blossoms of wormseed .and used for 


CH S .C CH a 

hx/^c/Vh 


CH 


1 °Nco 

-ch/ 

£h. 


° C V C V" 

CH..C CH, 
chloroform. Turns yellow in light. 


destroying intestinal worms. Dose, 0.025-0.05 g. 
twice daily for children. Maximum dose, o. 1-0.3 
g. per diem. Colourless, odourless crystals, M.P# 
170°. Sparingly soluble in cold water, more 
soluble in hot, readily soluble in alcohol, ether, 
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VEGETABLE ALKALOIDS 

Alkaloids of Opium. —Opium is a very complex mixture containing along 
’with protein matter and various acids, carbohydrates, gums, waxes, etc., numerous 
Alkaloids of which the most important are: Morphine, about 9 per cent.. Narcotine 
5 per cent.. Papaverine, 0.8 per cent., Thebaine, 0.4 per cent., Codeine, 0.3 per 
cent., Narceine, 0.2 per cent. 

Morphine, C 17 H J9 N 0 8 , the most important, is extracted as follows: The 
aqueous extract of opium is concentrated, and alkaloids precipitated with sodium 
carbonate. The precipitate is extracted first with water, and then with cold alcohol 
when most of the morphine remains behind. This is dried, dissolved in dilute 
acetic acid (any narcotine is insoluble), filtered through animal charcoal and precipi¬ 
tated with ammonia. Purified through its salts or by crystallising from boiling 
alcohol. Dose of morphine hydrochloride, grain. 

Atropine, C 17 H 28 N 0 8 , occurs in the deadly nightshade (Atropa belladonna) and 
in Datura stramonium. It forms heavy needles of M.P. 115°, and is intensely 
poisonous, and strongly dilates the pupil of the eye, for which purpose a 0.5 
per cent, solution is used in ophthalmology. Maximum dose = .001 g.; 
maximum per day, 0.003 g- 

It is also used as a narcotic, and in the night sweats of phthisis. Its constitution 
is given under Cocaine (section on Local Anaesthetics). 

Strychnine, C 21 H 22 N 2 0 2 , occurs along with brucine, C 23 H 2fl N 2 0 4 , in the seeds 
of Strychnos nux vomica. 

Extraction .—The crushed, water-sodden nuts are ground to a pulp, and 
extracted with hot alcohol, the latter evaporated, the extract treated with lead 
acetate, and excess of lead removed by H 2 S or H 2 S 0 4 . The strychnine is then 
precipitated with caustic soda, the more soluble brucine remaining almost completely 
behind. 

Colourless crystals, intensely poisonous, a typical spinal poison. Dose, ^VtV 
a grain. It is a valuable tonic, and is employed in paralysis, and in cases of lead 
poisoning. 

Quinine, C 20 H 24 N 2 O 2 , is obtained from various kinds of cinchona bark, in 
which it occurs along with other alkaloids such as quinidine, cinchonine 
cinchonidine, etc. 

Extraction .—The powdered bark is mixed with lime and extracted with high 
boiling petroleum, the solution being then shaken with dilute sulphuric acid and 
neutralised while hot with NagCOg. The most of the quinine then separates as 
sulphate, which is further purified by precipitating as insoluble tartrate with Rochelle 
salt solution. 

A white crystalline powder almost insoluble in water, sparingly soluble in cold 
alcohol, the aqueous solution of its sulphate fluoresces blue. Perhaps the most 
important drug known, its annual production amounting to 485,900 kg. 

Pilocarpine, C n H 16 N 2 0 2 , occurring in Jaborandi leaves, is the physiologica 
antithesis of atropine. It is a thick liquid and is used as a sudorific and to check 
salivation. 

For the chemistry of pilocarpine see papers by Jowett, Trans 1901-1905. 

Hydrastine, C 21 H 21 N 0 6 , found in the root of a North American plant 
Hydrastis canadensis, is employed similarly to ergot. 

Veratrine. —The commercial product, obtained from the seeds of Veratrum 
sabudilla, is a mixture of various alkaloids. It is a white powder causing violent 
sneezing and general irritation of the mucous membrane when inhaled. 
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Yohimbine is an alkaloid obtained from the Yumbehoa tree (Africa). It is 
employed internally in cases of impotence. 


Purine Alkaloids. —Three important drugs belonging to the purine compounds 
are Caffeine, C 8 H 10 O 2 N 4 + H 2 0 , Theobromine, CfHgOjN* and Theophylline or 
Theocine, C 7 H 8 0 2 N 4 . 


CH..N-CO 


CO 


N.CH, 

// 

■N 


CH g .N-( 

Caffeine. 

x : 3: 7*Trimethylxanthine. 


HN-CO 


CO C 


-N.CHj 


-N 


CH 3 N~ 

Tlieobromine. . 
3*7-Dimethylxanthine. 


CH t N-CO 


CO C-NH 



Theophylline, 
x 13-Dimethyl xanthine. 


Caffeine occurs in tea and coffee, about 1.4 per cent, in tea. From the waste 
dust of tea it is extracted by boiling with water, precipitating tannin with lead 
acetate, removing excess of the latter with H 2 S, filtering, and cpncentrating, when 
caffeine crystallises out. It is also obtained as a bye-product in the manufacture 
of caffein-free coffee. Unroasted coffee beans are treated with superheated steam 
and extracted with benzene, whereby much of their caffein is removed. It is now 
prepared on the large scale from guano by Bohringen & Sons, of Mannheim. 

Caffeine forms white silky needles which lose water at ioo°, sublime at i8o # , and 
melt at 230.5°. It is soluble in 80 parts of water at 15 0 and in 2 parts of boiling 
water, but is sparingly soluble in many organic solvents such as cold alcohol. 
Chloroform readily dissolves it. 

Used in headache and neuralgia alone or combined with phenacetin, and as 
a heart tonic. Dose, 0.5 g.; maximum daily dose, 1.5 g. It is employed internally 
and subcutaneously. 


Theobromine, a colourless, odourless, crystalline powder, sublimes at 290*, 
neither melting nor decomposing. It occurs in cocoa. Combined with a molecular 
proportion of sodium salicylate, its sodium salt is employed under the name of 
Diuretin. This is a white powder, soluble in water, and employed in dropsy and 
in diseases of the kidneys and heart. Theobromine has been synthesised by Traube 
(Beric hie d. deutschen Chetnischen Gesellschaft , 33, 1371 and 3035) starting from 
cyanoacetic acid and methylurea. 

Theophylline or Theocine is a stronger diuretic than theobromine. It occurs 
to a small extent in tea leaves. Sodium theophylline acetate is a valuable diuretic. 

Synthetic Preparation .—See D.R. Pat., 151,133, 144,761, 148,208, 138,444 
Theophylline itself forms colourless crystals, M.P. 208°. It is difficultly soluble in 
water, hence the use of soluble double compounds. 


The writer desires to thank the following firms for much information regarding 
the newer synthetic drugs:—Messrs Burroughs Wellcome & Co., London; Messrs 
Meister, Lucius, & Briining, Hochst; Messrs Merck, Darmstadt; Messrs Evans, 
Sons, Lescher, & Webb, Liverpool 
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MODERN EXPLOSIVES 

Gunpowders 

The term “ modern,” as applied to explosives, is generally understood to connote 
an explosive other than black gunpowder or the later brown powder. Gunpowder, 
already known in the middle of the thirteenth century, is still used, however, for 
sporting purposes and for mining, though it has been discarded by military 
authorities in favour of the more powerful agents now at our disposal. Its 
constituents, saltpetre, sulphur, and charcoal, are still mixed in the same way and 
in the same proportions as formerly (75 per cent. KNO s , 10 per cent. S, 15 per cent. C). 

In this country, Bobbinite, essentially a black powder with diminished sulphur 
content, headed the list of “ permitted ” explosives arranged in order of quantities 
used during 1909. Although a Departmental Committee, appointed in 1906 by the 
Home Office to investigate allegations as to danger arising from the use of Bobbinite 
in fiery mines, reported that its use should not for the present be restricted, recent 
Explosives in Coal Mines* Orders state that it is permitted only for the purpose of 
bringing down coal in certain mines for a period of five years from 1st January 1914. 
It is made in two varieties: (a) KN 0 8 , 62-65 P^s; wood charcoal, 17-19.5 parts; 
sulphur, 1.5-2.5 parts; together with 13 to 17 parts of a mixture of ammonium sulphate 
and copper sulphate; or {b) KNO s , 63-65 parts; wood charcoal, 18.5-20.5 parts; sul¬ 
phur, 1.5-2.5 parts; rice or maize starch, 7-9 parts, and 2.5-3.5 parts of paraffin wax. 
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H.M. Inspector’s report shows that daring 1909, out of 30,091,887 lbs. of explosives used in 
mines and quarries, 17 , 595,475 lbs. were gunpowder. This constituted 58.5 per cent of the whole. 
Gunpowder is not a “permitted” explosive, and in Germany, also, its use in coal mines is forbidden, 
the prohibition being extended to all powders of the same type. 

The great developments of the potash industry in Germany have involved a revival of mixtures 
resembling black powder, and these have a large sale. Both in that country and in America nitrate 
of soda, on account of its cheapness, is substituted for potassium nitrate, and charcoal is frequently 
replaced by brown coal or pitch. Sprengsalpeter, for instance, consists of 75 percent. NaNO», 
1J per cent, brown coal, and 10 per cent, sulphur. Owing to the hygroscopic nature of the sodium 
nitrate, the mixture of this substance with the carbonaceous material and sulphur is heated to the 
melting point of sulphur and then pressed, the resulting product being only slightly affected by 
moisture. Explosives of this type come into commerce either in the form of grains packed in 
cartridges or as compressed cylinders with an axial canal, and are fired in the same way as black 
powder. They bum slowly when ignited and fissure the rock rather than shatter it. Petroklaatite 
is an explosive of this class and contains: NaNO#, 69 per cent. ; KNO # , 5 per cent.; S, 10 per 
cent.; pitch, 15 per cent.; K 2 Cr 2 07, 1 per cent. The introduction of ammonium nitrate secures 
a lower temperature during explosion. Wetter-Dynammon, made by the Austrian Government for 
use in fiery mines, contains: NH 4 NO«, 93.83 per cent. ; KNO., 1.98 per cent.; charcoal, 3.77 per 
cent.; moisture, 0.42 per cent 5 and Amide powder has the composition: KNO„ 40 parts; 
NH 4 N 0 8 , 38 parts; charcoal, 22 parts. 

Gunpowder, again, is still used in priming compositions in order to initiate the decomposition of 
high explosives, and in certain types of safety fuse it continues to hold its own. The latter may be 
compared to a piece of cord having a fine train of gunpowder down the centre. Stress of commercial 
competition has resulted in the production of a greatly improved fuze which burns uniformly through 
a definite length in a given time. Attempts to substitute a core of smokeless powder for gunpowder 
have not as yet yielded a satisfactory result. 

Chili saltpetre (sodium nitrate) contains perchlorates, as also does “conversion” saltpetre or 
potassium nitrate prepared from it. To this circumstance, when discovered, was attributed the 
origin of various disastrous explosions which had previously occurred, but later work has shown that, 
in ordinary cases, the danger arising from the presence of a small percentage of the more sensitive 
perchlorate has been over-estimated (Dupr Joum, Soc. Ckem, fnd., 1902, 825; Lunge and 
Bergmann’s paper read at Fifth International Congress of Applied Chemistry, Berlin, 1903). 
Bergmann recommends a maximum of 0.4 per cent, of perchlorate for blasting powders and o.a 
per cent, for gunpowders. 


Nitro glycerine, the trinitric ester of glycerol, C 8 H 6 ( 0 N 0 2 ) 8 , is an important 
constituent of a great many explosives used as propellants or for blasting. Should 
the price of glycerol continue at its present high figure it is not improbable that 
explosives made from cheaper raw materials will displace it to some extent. 

The process of manufacture now about to be described is the outcome of a long 
series of improvements which have been made at intervals upon the methods 
originally adopted by Alfred Nobel, the pioneer in the commercial production of 
this substance. The nitrator-separator in its present form was first used at Waltham 
Abbey in the Royal Gunpowder Factory, and is the subject of the British Patent 
15,983 of 1901, taken out by Colonel Sir Frederic L. Nathan, R.A., Mr J. M. 
Thomson, F.I.C., and Mr Wm. Rintoul, F.I.C. 


The apparatus is shown diagrammatically in the accompanying figure in both plan and elevation. 
The nitrating vessel a has the form, generally used, of a lead cylinder with sloping bottom and conical 
lead roof. The mixed acids are not introduced from above, as has been customary, but through a 
pipe connected with the lowest part of the bottom. This pipe has three branches, 6, c, and 4 % 
b leads to the denitrating plant, e to the drowning tank, while d ascends and divide! into two 
branches of which one is connected with the storage tank for mixed acid and the other to the waste 
acid tank. The add pipe bend is one foot lower than the lowest part of the bottom so that, during 
stirring, no nitro-glycerine may enter the ascending pipe. On the sloping bottom of the vessel lies 
a coil g provided with several holes for the introduction of compressed air for stirring, and in the 
cylindrical portion of the vessel are cooling coils k k of lead pipe through which water, refrigerated 
if necessary till its temperature is below 10* C., flows. The conical roof is surmounted by a lead 
cylinder e with two windows/and side outlet, which is connected with the lead pipe k down which 
toe nitro-glycerine flows to the pre-wash tank. From the pipe k ascends another pipe iw, through 
which fumes are aspirated, s is a thermometer, the bulb of which dips into the mixture inside a. 


To cany out a nitration, the mixed adds, consisting of 41 per cent. HNO„ 
57.5 per cent HjSO*, and 1.5 per cent H s O in the ratio of 6.09 of mixed add to 
1 of glycerine, are allowed to enter through d, air-stirring is begun, and the glycerine 
is introduced by means of an injector, the mixture being cooled by the coils h h. 
The glycerine, owing to its viscosity at ordinary temperatures, must have been 
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previously warmed to 3o°-35° C., and its rate of admissi6n is regulated so as to 
prevent the temperature from rising above 22° C. When nitration is finished, and 
the temperature has fallen a little, the air in g and the water in h are shut off, and 
the mixture then begins to separate. 

The temperature should not have been allowed to fall below 15 0 C. Waste acid 
from a previous operation is now allowed to enter the apparatus slowly from beneath, 
through d , and forms a layer of gradually increasing depth below the reaction 
mixture which thus rises slowly in the vessel. The nitro-glycerine reaches the 
cylinder e , and runs off through 


k to the pre-wash tank, contain¬ 
ing water, and is subjected to an 
alkaline washing. The displacing 
acid enters at such a rate as to 
cause clear nitro-glycerine, free 
from suspended acid, to flow 
through the outlet as separation 
proceeds. Finally a sharp line 
of demarcation between acid 
and nitro-glycerine is obsened 
through f and the inflow of acid 
thiough d is stopped. The con¬ 
tents are allowed to stand for a 
time in order to obtain the best 
possible yield of nitro-glycerine. 

Under the old legimc the waste 
acid wa^ run off to a special building, 
the after-separating house, in which 
mlro-glycerine still lemainmg in the 
acid separated out slowly duung the 
course of several days. This was 
skimmed off from time to time, and 
put into a vessel tilled with water in 
which it was washed. A workman was 
inquired to be in attendance day and 
night. The modem practice is to 
destroy the nitro-gl)cerine in the waste 
acids immediately after nitration by the 
following method, clue to Sir F. L. 
Nathan and Messrs Thomson and 
Rintoul:— 

Sufficient waste acid is run off from 
the nitrator-separator to avoid splashing 
over during stirring, which is again 
started by turning on the compressed 
air. Water amounting to 2 per cent, 
of the waste acid is slowly added, and 
mixes immediately with the acid 
through the stirring. The temperature 
rises slowly during the additiofi of the 
water, about 3 0 C. for each per cent, of 
water added, and air Stirling is con¬ 
tinued after the addition of water till 



Fig. 238.—Nathan, Thomson, and Rintoul’s 
Nitrator-Separator. 


the temperature begins to sink. The air is then shut off, and waste acid again run in from beneath 
till the surface reaches the upper outlet On standing for a time nitro-glycerine adhering to the 
sides of the vessel and the cooling coils may ascend, ana can be run off through k. The waste acid, 
now completely free from nitro-glycerine, is allowed to run off through b, as much as will be necessary 
for displacement of nitro-glycerine in a later operation being elevated to die storage tank communi¬ 
cating with d, while the remainder is run into a tank where it stays without further supervision until 
it is denitrated. 


Owing to the introduction of this process the nitro-glycerine never passes through an earthenware 
cock at any stage of its manufacture and a source of danger is thereby removed. A further lessening 
of risk is achieved by the removal of the nitro-glycerine immediately after its separation from the acid, 
by the cooling during separation and after separation, by decrease in amount of manipulation of 
ustro-glycerine and waste acid, and by the disappearance of the necessity for an after-separation 
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building. The saving in differences of level necessary to transport the nitro-glycerine from building 
to building is very considerable, and the area necessary for the factory is now less than formerly. 
A plant consisting of two nitrating vessels and one pre-wash tank nitrates five charges each of 
1,450 lbs. of glycerine daily. 

After removal of acid from the nitro-glycerine in the pre-wash tank, accomplished 
by air-stirring with water and finally with an alkaline solution, the nitro-glycerine 
is allowed to run through a rubber pipe attached to the lowest point of the sloping 
bottom of th i pre-wash tank into the gutter, whic h has a fall of 1 in 60 and leads 
to the final washing house. During the preliminary washing the rubber pipe is 
secured to a nozzle fixed to the outside of the tank at a point above the level 
of the liquid. 

In the final washing house the nitro-glycerine is subjected to prolonged treatment 
with alkaline solution, using air stirring as before. The alkali remaining after this 
treatment is removed by washing with pure warm water, and the nitro-glycerine is 
afterwards filtered by passing it through a mat of sponges in order to free it from 
small quantities of flocculent impurities and suspended mineral matter. A diagram 
of the plant is shown in the figure (Fig. 239.) 

By the use of the acid mixture above mentioned, obtained from 2.8 parts of nit k it' acid and 
3.4 parts of fuming sulphuric acid (20 per cent. SO.,), Sir F. L. Nathan and Mr Wm. Kintoul ha\e, 



Fig. 239.—Arrangement of a Modern Nitro-glycerine Mill. 


a. The Nitrator-Separator 
B. The Mixed Acid Tank 
<\ Waste Acid, for Displace¬ 
ment Tank 
n. Glycerine Tank 

E. Pre-wash Tank 

F. Drowning Tank 


g. Final Washing Tank 
H. Filter 

I. Pipe for running off waste 
Acid 

K, K. Ground Level 
L t L. Gutter, with fall of 1 in 
120 


using the above process, increased the yield of nitro-glycerine to 230 parts per 100 parts of glycerine 
(British Patent, 6,581, 1906). By former processes in which 100 parts of glycerine were added to 
a mixture of 300 parts of 94 per cent. PINO;, and 500 parts of 96 per cent. H 2 S 0 4 , the yields varied 
from 210-215 per cent. Using this acid mixture in the Nathan, Thomson, and Kintoul process the 
yield was increased to 220 per cent., the theoretical yield being 246.7 per cent. 

The use of waste acid from a previous nitration which is brought to its original composition by 
the addition of fresh acid gives, according to data from the Zentral-stelle, Neu Babelsberg. yields 
of 228 per cent. (British Patent, 2,776, 1905). Details regarding the influence of mixed acids* which 
have been thus revivified upon the time necessary for complete purification of the nitro-glycerine are 
not available. 

The process of separation, after nitration, is frequently protracted owing to the 
action of gelatinous silicic acid in preventing the nitro-glycerine from passing from 
the emulsified form to that of a separate layer of pure liquid. In order to obtain 
a quick and well-defined separation the Dynamit A. G. (D.R. Patent, 171,106, 
1904) at Hamburg, add, during nitration, paraffin or fatty acids of high molecular 
weight in proportions of 0.5-2 per cent, by weight of the glycerine, while Reese 
(U.S.A. Patent, 804,817, 1905) uses .002 per cent, of sodium fluoride, whereby 
the silicic acid is converted into silicon tetrafluoride. 

After-separation has been shortened, on the laboratory scale, by Escales and Novak (British 
Patent, 18,597, 1907) by the use of the electric current, but is entirely obviated in the Nathan, 
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Thomson, and Rintoul process. Evers (D.R. Patent, 182,216) has described a new process for 
denitrating waste acid, in which a mixture of air and steam at a high temperature enters the 
denitrating tower at one or more points. 

Properties of Nitro glycerine. —Kast has found that nitroglycerine has two solidification 
or melting points ( Zeitschr. Schiess-Sprengstoffwesen , i. 225). The lower melting phase is a labile 
product and changes completely into the stable higher melting modification on stirring with a crystal of 
the latter, which melts at about 13* C. The thawing of frozen nitro-glycerine has been a fruitful source 
of accident, and attention has been directed towards obtaining a product which will remain liquid 
under the conditions to which it is subjected during cold weather. The well-known effect of adding 
soluble ingredients is to produce a depression of freezing point proportional to the amount dissolved, 
and nitro-benzene and ortho-nitrotoluene were used for this purpose. Other nitric esters of glycerine, 
however, which do not appreciably diminish the explosive power of the product to which they ar* 
added, have recently found extended use for this purpose. 

Dinitro-glycerine (glycerine dinitrate), first prepared by Mikolajzak in 1903 
for use in depressing the freezing point of trinitro-glycerine (British Patent, 27,706, 
1904), may be prepared alone, and then added to the latter, or, more conveniently, 
the two esters may be generated simultaneously under suitable conditions in the 
proportions required. 

One method of working (Heise, “ Der Bergbau,” 1907, Heft 35) is to nitrate the glycerine in 
nitric acid, allowing the temperature to rise to a certain extent; the solution of the ester in nitric 
acid is then allowed to stand for about two hours, and separation of the ester is then effected by 
diluting with water and neutralising with carbonate of lime. After separation, the dinitro-glycerine 
still contains water and acid, the latter being removed by adding soda and the water by a special 
process. A reddish yellow oil of sp. gr. 1.5 is thus obtained. The calcium nitrate solution obtained 
as a bye-product is treated with ammonium sulphate; the ammonium nitrate formed is used in 
explosives manufacture, and the sulphate of lime as a manure. Extraction of the diluted acid 
mixture, both before and after neutralisation, by means of ether, has been tried on the small scale, 
and Escales and Novak have proposed glycerine disulphuric ester as the starting point for the 
preparation. The method of preparing a mixture of di- and trinitro-glycerine is described by 
Mikolajzak (/or. cit .). 

The technical product is a mixture of two isomeric modifications. Its purification 
is difficult. 


According to Will ( Berichte , 1908, 1107; Zeitschr. Schicss-Sprengstojfwesen , 1908, 324) the 
dinitrate, in the water-free condition, is not solid at ordinary winter temperatures, but offers little 
advantage over nitro-glycerine from the point of view of sensitiveness to shock. It is hygroscopic, 
and when moist is less sensitive, but at the same time loses its faculty for forming no solid on 
subjection to winter temperatures. 


Nitrate of Polymerised Glycerine. —By appropriate heat treatment 2 
molecules of glycerine condense to form 1 molecule of diglycerine with splitting 
off of water. By treating the diglycerine so formed with mixed nitrating acids, 

tetra-nitro-digiycerine, is obtained, which behaves like trinitro* 

C 8 H,(ONO,)/ 

glycerine as regards solubility in organic solvents, insolubility in water, and ease 
of detonation with fulminate of mercury. The addition of 20-25 per cent, of the 
product to trinitro-glycerine will prevent it from freezing at ordinary winter 
temperatures. 


Will and Stohrer ( Zeitschr . Schiess-Sprengstoffwesen , i. 231) polymerised glycerine by heating it 
for seven or eight hours to 290 # -295° C., and obtained a product containing 60 per cent, diglycerine 
and 4-6 per cept. of tri- or polyglycerines. These were separated by fractional distillation under 
reduced pressure. By repeated treatment pure diglycerine can be obtained as a clear, viscous, sweet 
liquid, soluble in water, having a sp. gr. of 1.33, and distilling undecomposed at 240°-250° C. under 
8 mm. pressure. 

Escales and Novak treat glycerine with hydrochloric acid and nitrate the resulting mixture of 
monochlorhydrin, dichlorhydnn, diglycerine, cnlorhydrin of diglycerine, triglycerine and chlorhydnn 
of triglycerine (Deutsche patentanmeldung , 12th May 1906). 

Qaessen (British Patent, 9,572, 1908) produces diglycerine and polyglycerines in a much shorter 
time than usual by heating the glycerine with a small quantity of alkali (0.5 per cent.) to 275*-280* C. 
The glycerine, diglycerine, and polyglycerine can be separated by fractional distillation. 


Dinitromonochlorhydrin.— By passing hydrochloric acid gas into glycerine 
heated tn 7o*-ioo* C., a mixture of a- and / 3 -monochlorhydrins is obtained 
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[CH 2 Cl.CH(OH).CH 2 (OH)] and [CH^OH/CHCLCH^OH)]. These are separated 
from the reaction mixture by fractional distillation under reduced pressure, and are 
afterwards nitrated alone or in admixture with glycerine. In the latter case the 
reaction is claimed to be less dangerous, and the separation quicker (Welter, British 
Patent, 6,361, 1905). Dinitromonochlorhydrin is easily stabilised in the usual way, 
and stands the Abel heat test for a much longer time than ordinary nitro-glycerine. 
It is a pale yellow liquid with a faint aromatic smell, soluble in ether, alcohol, 
acetone, chloroform, etc., and insoluble in water and acids. Its sp. gr. is 1.5408 
at 15° G, and it boils at atmospheric pressure at i9o°-i93* C. If boiled under 
a pressure of 15 mm., no partial decomposition takes place, and it distils over 
at 12o°-i23° C. as a colourless oil. 

It is surprisingly insensitive to shock and friction, is not hygroscopic, does not freeze at - 25° to 
- 30° C., and dissolves easily in nitro-glycerine. The addition of 20 per cent, to nitro-glycerine renders 
it practicaUy unfreezable. It is said to be an excellent gelatinising medium for nitro-cellulose. One 
disadvantage it possesses, viz., the formation of HC 1 on explosion, but this can be rectified in large 
measure by adding an alkali nitrate to the explosive. 

Di-nitro-acetin and Di-nitro-formin are produced by the nitration of mono-acetin, 
C.HgfOHfo. O. CO.CH„ and monoformin, C 8 H 5 (OH) a . O. CO. H. Their properties resemble those 
of dinitromonochlorhydrin, and they have been used for making unfreezable nitro-glycerine 
explosives (see Zeitschr . Sch. -Sprcngstoffiwcsen, 21, 1907). (See p. 383.) 


Gun-cotton 

The process now coming into general use for gun-cotton manufacture is the 
result of important improvements devised by Messrs J. M. and W. T. Thomson 
of the Royal Gunpowder Factory, Waltham Abbey (British Patent, 8,278, 1903; 
D.R. Patent, 172,499, 1904). The following description is taken largely from the 
paper by Colonel Sir F. L. Nathan in the Journal of the Society of Chemical Industry , 
27 th February 1909. To the Council of the Society and to Sir Frederic Nathan 
my best thanks are due for their kind permission to use the accompanying 
illustrations. 

The raw materials are cotton waste and sulphuric and nitric acids. Ordinary cotton waste varies 
considerably in character, and this is not without effect on the character of the resulting gun-cotton. 
Before it is received at the works it has been subjected to treatment with alkaline, bleaching and 
acid liquors in succession, after which it has been washed and dried; or the oil, etc., has been 
extracted with benzol. The physical condition of the cotton, and, to some extent, its chemical 
properties, are affected by this process, and an undue proportion of “fly” or finely divided and felted 
material will hinder the penetration of mixed acids during nitration and diffusion of waste acid from 
the sphere of reaction, and may indicate the presence of products of hydrolysis or of oxidation of 
cellulose. Oxy-cellulose exerts an influence on the nitrogen content of the gun-cotton and on its 
solubility in ether alcohol if it be present in appreciable quantity. Hydrocellulose, produced by 
hydrolytic action, yields a nitro-cellulose agreeing in properties with that obtained from untreated 
ceUulose so far as nitrogen content and solubility in ether alcohol are concerned. The viscosities 
of nitro-hydrocellulose solutions in acetone are less than those of similar nitro-cellulose solutions, 
however, and this fact taken in conjunction with the power of reducing Fehling^ solution and of 
fixing methylene blue, possessed by hydrocellulose, indicates a structural change which may possibly 
affect adversely the stability of gun-cotton containing its esters. 

Blotting-paper made from cotton, paper shreds, tissue paper, cellulose as used for paper making, 
and other raw materials have been suggested for the manufacture, but all have been discarded, and 
even celluloid and artificial silk makers use cotton, though paper is still largely used in the manufacture 
of celluloid. 

The prepared cotton waste on arrival at the factory contains a notable percentage 
of hygroscopic moisture, also wood, pieces of iron, metal, string, rubber, etc. The 
mechanical impurities are removed as far as possible by hand-picking, and the 
cotton is then passed through a teasing machine (Fig. 240), which separates the cotton 
fibres and opens out knots and lumps. It is then again picked over as it leaves 
the machine. 

At Waltham Abbey the cotton, as it leaves the teasing machine, is delivered on to an endless 
band which carries it to the drying machine. The moisture is expelled from the cotton by a Mist 
of hot air supplied by a fan through a steam heater. The cotton waste passes very slowly through 
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the machine, the operation lasting al>out three-quarters of an hour, and issues from it containing 
about J per cent, of moisture. It is immediately weighed out into charges and placed in sheet-iron 
boxes or other suitable receptacles, with lids, to cool, for which a period of about eight or nine hours 
is sufficient. During the cooling the cotton waste reabsorbs about half a per cent, of moisture. 

The nitric and sulphuric acids employed are commercial products of a fairly 
high standard of purity. The waste acids are revivified to a larger extent than 
formerly, by the use of Nordhausen sulphuric acid and concentrated nitric acid, 
and arc used again for nitration. 

The nitrating apparatus consists of a number of units of four pans worked together, 
Figs. 241 and 242. The pans are of earthenware and circular, 3 ft. 6 in. in diameter 
and 10 in. deep at the side of the pan; the pan has a fall of 2 in. to the outlet, which 
is l in. in diameter, and is supported on earthenware pedestals about 1 ft. 10 in. 
alxne the floor level. The four members of each unit are connected together by 
lead pipes, and these again are connected to the nitrating acid supply pipe, to the 
strong and weak waste acid pipes, and to a waste water pipe, through a gauge-box 
where the rate of flow is determined whilst the waste acids are being run off. 

r l Ik* process proceeds as follows : A small perforated plate is placed ovei the outlet of each pan, 
and fjur pciforated segment plates making a complete disc of diameter about I in. less than that 



Firt. 24a —The Teasing Machine. 

of the pan are placed on the bottom. Aluminium fume hoods, which are connected to an exhaust 
fail, having been placed on the four pans, nitrating acid, which is cooled in summer and warmed 
in winter, is allowed to rise to the proper level in the pans. There are then 600 lbs. of mixed acids 
alx>ve the bottom plates and 50 lbs. below. A charge of 20 lbs. of cotton waste is then immersed 
iu the acid, handful by handful, aluminium dipping forks being used for the purpose. When all 
the cotton waste has been pushed under the surface of the acid, perforated plates, in segments, are 
placed on the top of it, care being taken that all cotton waste is below the surface of the acid, and 
a film of water, at a temperature of 5°-8° C., is run very gradually on to the surface of the plates 
through a distributor. Tne film of water prevents the escape of acid fumes and the fume hoods are 
then removed. The time required for dipping a charge is a quarter of an hour. Nitration is allowed 
to proceed for two and a half hours. Tne cock leading to the gauge-box is then opened and waste 
acid is run off at the rate of about 17 lbs. a minute. Water, cooled if necessary, is run on to the 
top of the perforated plates, through the distributor, at an equivalent rate. The major portion, 
amounting to about 80 per cent, of the total waste acid, is returned to the acid store tanks to be 
revivified with Nordhausen sulphuric and new nitric acids. The remaining 20 per cent, of the waste 
acid is sent to the acid concentration factory for denitration and concentration. The quantity of acid 
thus dealt with amounts to about 4 lbs. for every pound of gun-cotton. 

Composition of waste acid to be revivified ( = 80 per H a S 0 4 . HNO,. HN 0 „. H t 0 . 

cent, of total waste acid) - - - - 72.70 17*30 0.65 9.35 

Composition of waste acid to be denitrated and con¬ 
centrated ( — 20 per cent, of total waste acid) - 61.0 17.35 0.55 21.10 
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WALTHAM ABBEY GUNCOTTON DISPLACEMENT PLANT 



A small proportion of the water which follows the lccoverable waste acid is slightly acid t > the 
(Atent of o i lb. for every pound of gun-cotton made, and this represents the total loss of acid 
( = 04 per cent.). Mr G. W. MacDonald ( Journ . Chim. Inn , 20th 1 thiuarv 1911) finds that 

the sulphunc at id is displaced at a relativel) moic rapid rate than the nitric acid. 

Stabilisation or thorough purification of the gun-cotton nc\t follows. Adsorbed 
acids should not be neutralised at an early stage of the purification pioccss, as the ir 
hydrolytic action upon various impurities is an important factor at this juncture. 



Fig. 242.—Gun-cotton Nitrating House, Waltham Abbey. 


Amongst the impurities to be removed are mixed sulphunc and nitiic esters, nitrous 
esters, nitric esters of sugars, and substances produced by the action of the mixed 
acids on seed husks and on the dried juices in the tubular cotton fibres. These are 
eliminated or rendered harmless by prolonged boiling of the gun-cotton in large 
wooden vats (Fig. 243), the water being changed at intervals. 

Dr Robertson ( Jount . Soc. Chew , htd., 16th July 1906) has shown the advantage of acidity 
UT the earlier boilings for promoting rapid hydrolysis of the mixed sulphunc and nitric esters. 
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Treatment with alkaline solutions is not so efficient and may produce hydrolysis of the gun-cotton 
itself to a considerable extent. The method of boiling in use at Waltham .Abbey for periods 
of 12 + 12 + 44 4 f-44 4 + 44*2 + 2 + 2 hours, with a cold water washing between the first and second 
and second and third boilings, produces a stable gun-cotton. The nature of the water supply aftccls 
the period necessary for stabilisation, and a system in which the gun-cotton is wrung in centrifugals 
between the boilings, or one in which the pulped gun-cotton is subjected to boiling water licatmcnt* 
will shorten the time neeessaiy for complete purification. Boiling in closed vessels under pressure 
has been tried with good results. 

The following table is taken from Sir Frederic Nathan’s paper :— 
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The gun-cotton is then pulped in a beating engine similar to those used for pulp¬ 
ing the raw material in paper manufacture (see Figs. 244, 74). The fibres are thus 
materially shortened and crushed, and impurities retained in the fibres are removed 
mechanically or by diffusion. The gun-cotton pulp is then freed from particles of 
metal, grit, and foreign bodies by running it, suspended in a large volume of water, 
along a shallow trough having grit traps placed in it at intervals. These retain the 
heavier gritty particles, and fine sand is retained by a strip of blanket which is laid 
along the bottom of the trough. 

At Waltham Abbey the pulp is next washed in a vessel termed a “ poacher" (Figs. 244, 74). These 
hold each about 10 cwt. of gun-cotton and i,roo gals, of water, and nre fitted with power-driven 
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Fin. 243.—The Boiling House. 
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Fig. 244.—“ Beaters ” and “ Poachers.” (Seep. 198.) 


paddles f \r agitation pin poses. The gun-cotton leceivcs at hast three washings, and is allowed to 
settle do vn after each washing, the washing watei being temoved b> a skimmer. Poaching serves 
as an opportunity for effecting the final stage of a system of blending vchich is earned on thioughout 
the manufacture. 

The pulp is then moulded by light hydraulic presses into cylinders 5J in. high 
and 3 in. in diameter, which enables it to be dried on fixed racks in the drying 
house without having recourse to movable drying trays or similar arrangements. 
Les& dust is produced than when the gun-cotton is dried in the form of ordinary 
pulp. 

If intended for use in mines, torpedoes, or other demolition work, the gun-cotton 
is moulded into suitable shapes, and the moulds are then subjected to powerful 
hydraulic pressure, amounting to about 6 tons per square inch, to produce the finished 
slabs or primers. 

Brown showed that a large quantity of wet gun-cotton can be detonated by' intei posing between 
a detonator and the moist gun-cotton a primer of dry gun-cotton (British Patent, 3,115, 1868). 
Recently a primer of trimtio-toluene has been proposed (D.R. Patent, 200,293, 1906). The pressing 
of large masses of gun-cotton which are then turned in a lathe to shapes required has been successfully 
carried out m recent years (Iloilings, British Patent, 8,278, 1903). 

Claessen (D.R. Patent, 200,262, 1906) proposes to displace the nitrating acids retained in nit 10 
cellulose by sulphuric acid and the latter by water. Comte de Bnailles (D. R. Patent, 203,377, 
1906) sends an electric current through the acid mixture during nitration in order to keep the 
nitrating at id at suitable concentration and temperature. Sir F. L. Nathan, J. M. Thomson, and 
W. T. Thomson (British Patent, 7,269, 1903) remove the water from wet nitro-cellulose by displace¬ 
ment with alcohol. The Salpetersaure-Ind.-Ges. (D.R. Patent, 180,587, 1906) revivify the waste 
acid after nitration by electrolysis, using the waste acid as anode liquid, and dilute nitric acid in the 
kathode compartment. 


Assuming the cellulose unit to be (C 6 H 10 O 6 ) 4 or C 24 H 40 O 20 , many nitric esters 
of cellulose are capable of being synthesised, but those met with in practice are 
comprised among the following (see p. 207):— 


I )odecanitro-cellulose - 

C 24 H 28 0 8 (N 0 8 ) 1 o with 14.14 per cent, nitrogen. 

Endecanitro-cellulose - 

^24^29^0(^^3)11 » 

i 3*47 

a 

>» 

Decanitro-cellulose 

12-75 

>» 

11 

Enneanitro-cellulose 

11.96 


n 

Octonitro-eellulose 

. C^H^NO^ „ 

11. ti 


19 


The properties of the nitrated product depend on the quality of the cotton waste, the proportion 
of mixed acid to cotton, the moisture content of the atmosphere, the ratio of HgS0 4 to HNO* the 
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water content of the acid mixture, and on the time, temperature, and method of nitration. Many 
yean ago (1901) Mr W. T. Thomson of Waltham Abbey prepared a specimen of nitro-cellulose having 
a nitrogen content of 13.94 P 6 * cent., obtained by drowning the nitrated product in alcohol, but under 
ordinary working conditions the gun-cotton contains 12.8-13.10 per cent, of nitrogen. The solubility 
of the product in ether alcohol, formerly thought to be simply a function of the nitrogen content, is 
influenced by the method of nitration. Collodion cotton, containing 11-12 per cent, nitrogen, is 
soluble in ether alcohol. According to Lunge ( Zeitschr . Angew. Chem ., 2,051, 1906), nitro-cellulose 
soluble in ether alcohol is obtained by nitrating dry cotton in a mixture of equal parts 1IN0 3 and 
HjSCL together with 17-18 per cent, of water, *.<?., 41 per cent HaS 0 4 , 41 per cent. IlNOj, 18 per 
cent H a O Guttmann ( Zeitschr . Angew, Chem., 1907, 262) gives an example from practice in 
which eaual parts of nitric acid of 75 per cent monohydrate and sulphuric acid of 96 per cent, 
monohyarate (also a mixed acid with 14.5 per cent, water) are used in 25 parts of which 1 part of 
cotton is nitrated for i-i£ hours at 40* C. 

Although by strict adherence to a definite set of conditions during manufacture a product of 
unvarying properties is obtained, this is never an individual cellulose ester but a mixture of esters 
in which one or two predominate. Berl (D.R. Patent, 199,885, and Zeitschr . Sch. Spren^tojfwesen, 
81, 1909) proposes to depolymerise the cellulose molecule by heating the cotton in inert gases. 
Nitro-celluloses prepared from depolymerised cellulose are claimed to be better than those made 
from ordinary cotton as regards solubility and capacity for gelatinisation. Collodion cotton finds 
extended use in the manufacture of gelatinised nitro-glycerine explosives. It is also used m 
photography and surgery and in large quantities for the manufacture of celluloid and artificial silk. 
The total world’s production of artificial silk is estimated at 5.5 million kilos., of which 2 million 
kilos, are collodion silk (Massot, Zeitschr . Angew, Chem,, 433,444, 1911), see pp. 207, 208, 212. 

Of other nitric esters, those from sugar, mannite, and starch are the most important, but various 
defects have prevented the adoption of the first two to any considerable extent. Nitro-starch, on 
the other hand, is now used quite largely in America for blasting explosives, and its cost of production 
is said to be considerably less than that of nitro-glycerine. Hough (British Patent, 12,627, 1904) 
dissolved starch in nitric acid at a temperature of 90° F., and precipitated the nitro-starch by passing 
gaseous sulphuric anhydride into the solution. In a later patent he altered his process by nitrating 
the starch with a mixture of 3 parts of nitric acid of 95 per cent, monohydrate and 2 parts of 98 per 
cent, sulphuric acid, and adding so much sulphuric anhydride to it as to furnish a concentration of 
100 per cent, with 1 to 2 per cent, of SO s m the solution. Further, during nitration he injects 
more sulphuric acid having an excess of about 2 per cent, anhydride, and claims to obtain in this 
way an octonitrate having the formula C 12 H 1 a(NO a )80 1 o and a nitrogen content of 16.5 per cent. 
The product is said to be quite stable and to be suitable for use as a blasting explosive either alone 
or when it forms 10 per cent, of a mixture containing sodium nitrate and carbonaceous material. 
It has been utilised m the manufacture of smokeless powder. Berl and Biltler (Zeitschr . Sch. 
Spr, t 82, 1910) have tested Hough’s data and have found them incorrect. The maximum percentage 
of nitrogen in nitrate of starch was found by them to be 13.44 per cent. 


Dynamite, Blasting Gelatine, Gelatine Dynamite, and Gelignite 

With the object of rendering nitro-glycerine safe for transport and use, Alfred 
Nobel devised the mixture with kieselguhr known as dynamite. Nobel's guhr 
dynamite consisted of 75 per cent, of nitro-glycerine and 25 per cent, of kieselguhr, 
an earth containing tubular siliceous skeletons of diatoms which performed the 
function of a physical container or carrier. Various inert substances have been 
used instead of kieselguhr, eg., magnesia alba, tripoli, and Boghead coal ashes. 
Among dynamites with combustible absorbents may be mentioned Reid and 
Borland’s carbo-dynamite in which burnt cork charcoal is used. It contains 90 per 
cent, of nitro-glycerine and is consequently more powerful than dynamite, the more 
so as the absorbent is combustible. Another class of dynamite contains absorbents 
which are themselves explosive, and a further subdivision of this class may be made 
into those which contain nitro-cellulose and those which do not. 

Kieselguhr dynamite formed only 0.4 per cent, of the total amount of explosives 
used in mines and quarries during 1909 (H.M.I. report). 

For its manufacture the guhr is freed from moisture and organic matter by ignition and is then 
crushed and sifted. A test is made to determine its capacity for absorbing nitro-glycerine, and if it 
should prove to yield a dry crumbling dynamite which would give unsatisfactory cartridges it is 
suitably blended with another batch possessing less absorptive capacity or is mixed with a small 
quantity of barium sulphate (say z per cent.). On the other hand the dynamite should not contain 
excess of nitro-glycerine or the latter will exude. 

The guhr, containing less than half a per cent, of moisture, is weighed out in 
equal quantities into a series of bags or cases which are taken on trucks to the 
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purified nitro-glycerine store-house where the required amount of nitro-glycerine is 
accurately measured and added to each batch of kieselguhr. The bags or cases 
are then removed to the mixing house where their contents are first well mixed 
by hand and afterwards passed through a sieve. The dynamite is now transferred 
to the cartridge huts in bags or wooden boxes lined with sheet zinc, and there is 
made into cartridges of diameter and length required by a “continuous” type 
cartridge press. The cartridges, wrapped in acid free parchmentised or paraffin- 
waxed papers, are collected from the huts at frequent intervals and taken to the 
packing house, whence samples are despatched to the laboratory for subjection to 
the heat test and exudation test. 

Kieselguhr dynamite is orange-yellow or reddish brown in colour (sometimes 
ochre is added to the guhr) and is plastic to the same degree as fresh mould. Its 
specific gravity is 1.5 when it contains 7 5 per cent, of nitro glycerine. Small quantities 
of it burn quietly when ignited but larger quantities soon explode; when saturated 
with paraffin oil it may be ignited without danger in small quantities at a time. 
A blow of 0.75 kg. m. will cause its detonation, and it can be exploded by a strong 
electric discharge. 

Direct contact with water brings about separation of the nitro-glycerine, and this constitutes a 
source of danger when the explosive is used in wet places. Its liability to freeze is another source 
of danger. Very strong detonators are required to explode it when frozen, and though in this 
condition it is fairly insensitive to a blow, breaking or crushing are distinctly dangerous operations. 
Thawing must be conducted with great care in a specially constructed pan provided with a jacket 
for hot water. Should exudation of nitro-glycerine take place during thawing this will introduce an 
element of danger in ramming. 

During storage, exposure to the influences of damp and sunlight must be avoided. About I per 
cent, of sodium or calcium carbonate is frequently atjded to the ordinary ingredients in order to 
preserve neutrality. 

Rhenish dynamite contains 70 per cent, of a solution of 2-3 per cent, of naphthalene in nitro¬ 
glycerine, 3 per cent, of chalk, 7 per cent, barium sulphate, and 20 per cent, of kieselguhr. Nobel’s 
Ardeer powder contains 31*34 per cent, nitro-glycerine, 11-14 per cent, kieselguhr, 47-51 per cent, 
magnesium sulphate, 4-6 per cent, potassium nitrate with $ per cent, of ammonium or calcium 
carbonate. 

Dynamites with a combustible base include carbo-dynamite and others in which 
the absorbent is wood-meal or sawdust. These latter may be detonated when wet 
and can be dried before use without marked alteration. 

The following are examples of mixed dynamites containing an explosive base in addition to 
nitio-glycerine : 40 per cent, nitro-glycerine, 12 per cent, wood-meal, 46 per cent, sodium nitrate, and 
4 '1 per cent, calcium or magnesium carbonate. In a French ammon-dynamite, ammonium nitrate 
is used. It has the following composition : 40 per cent, nitro-glycerine, 10 per cent, wood-meal, 
10 per cent, sodium nitrate, 40 per cent, ammonium nitrate. 

In mixed dynamites the nitro-glycerine is capable of being displaced by water, 
as in the case of guhr dynamite. This potential cause of accidents is removed by 
transforming the nitro-glycerine into a component of a colloidal solution, which is 
effected by dissolving 7-10 per cent, of collodion cotton in 93-90 per cent, of 
nitro glycerine whereby Blasting gelatine, a tough elastic mass and one of the 
most powerful blasting explosives, is formed. 

A colloidal solution containing 96-97 per cent, of nitro-glycerine and 4-3 j>er cent, of collodion 
cotton, on being mixed with saltpetre and wood-meal in a kneading-machine, yields Gelatine 
dynamite, or Gelignite, of which the following is a typical example: 62.5 per cent, nitroglycerine, 
2.5 per cent, collodion cotton, 25.5 per cent, sodium or potassium nitrate, 5.7 per cent, wood-meal, 
and 0.8 per cent. soda. Another containing ammonium nitrate has the following composition : 
50 per cent, nitro-glycerine, 2.5 per cent, collodion cotton, 45 per cent, ammonium nitrate, 2.5 per 
cent, rye-meal, and is known as ammongelatindynamite. 

Gelignite formed 10.2 per cent of the total quantity of explosives used in mines and quarries is 
this country during 1909, and blasting gelatine and gelatine dynamite together formed 2 per cent 
(II.M.I. report). 

For the manufacture of these explosives finely pulped and dried collodion cotton 
is chosen containing not less than 11 per cent, of nitrogen, and having a maximum 
solubility in ether alcohol and a minimum of. gun-cotton or unnitrated cotton. It 
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Fig. 245.— Mess is Weiner, Pfleideier, &. 1 ’ukin’s 
Mixing Machine. 


should he free from sand or grit and leave a maximum icsidue oi 0.25 per rent, on 
ignition. The moisture present should amount to not moie than 0.25-0.5 per tent, 
so txposuie to tlie air is avoided during transit from the dicing house to the sifting 
house. Here the totton is 


lubbed gently through a brass 
sieve, and after being weighed 
out mto air-tight zinc-lined cases 
or india-rubber bags is removed 
to the gelatine mixing house 
where the necessary quantity of 
pure dry nitro-glycerine is poured 
upon it in a lead-lined trough. 
The mixture is well shired with 
a wooden paddle and kept for 
halt an hour at a temperature 
of 40' (\ by means of hot-water 
cm illation through the jacket 
with which the tank is provided. 
Arrangements should be made 
for the admission of cold w T ater 
to the jacket in rase the mixture 
becomes too hot. When the 
jelly has become semi-trans¬ 
parent it is transferred' to the 
mixing machine, of whkh an 
illustration is shown (Fig. 245). 
M'Roberts* mixing machine is 
still in use, however (Fig. 246). 

At this point, if gelignite or 
gelatine dynamite is being made, 
the necessary proportions of 



1m«.. 246.— M'Robeits’ Mixinc Machine. 


purified wood-meal and potas¬ 
sium nitrate are added, together with a certain amount of one of the substances 
proposed for depressing the freezing point of nitro-gl) cerine and a little magnesium 
carbonate. During mixing the charge is maintained at a temperature of 40* C, by 
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means of the hot-water jacket surrounding the mixing trough. Incorporation 
requires at least half an hour. 

The paste thus obtained is transferred from the mixing house to the cartridge 
huts, in which it is made into cartridges by an Archimedean screw machine of the 
type shown in Fig. 247 ; the cylinder of paste issuing from a nozzle of required 
diameter is cut into the lengths appropriate for each size of cartridge. 

Homogeneity, stability, 



Fig. 247. —Cartridge Mixing Machine for 
Gelatine Explosives. 


complete absorption of nitro¬ 
glycerine, and freedom from 
tendency to exude are of the 
highest importance in these 
explosives. 

Blasting gelatine i^ an 
amber-coloured, translucent, 
elastic mass which stiffens 
somewhat as time elapses. 
If well made it resists the 
conditions of the test for 
exudation and stands the 


heat test for a longer period 
than the minimum of ten minutes. It explodes at 204° C. if heated slowly (Hess), 
and at 240° C. if the heating is rapid. It is also exploded by a blow of 3I kg.-m. 
between steel and steel, but is much more sensitive* to shock when frozen. 

Gelatine dynamite is equally sensitive in its normal soft condition and when 
frozen, and in both cases is exploded by a weaker blow than is blasting gelatine. 
The insensitiveness of the latter when it contains camphor is somewhat remarkable. 
The shattering effect of gelatine dynamite is less than that of blasting gelatine, 
which is only used for very tough rock or for military purposes, and resembles 
nitro-glyccrine itself in its effects. 


Among recent suggestions for the production of gelatinous explosives may be mentioned tho^e 
of Schachtebeck (British Patent, 22.645, 1902) and Bichel (British Patent, 23,846, 1902). In 
the former, ammonium nitrate is added to a gelatine consisting of glue or dextrin, gl>cerine and 
water, and this is incorporated with a nitro-glycerine gelatine and a carbohydrate. In the latte 1, 
glue is dissolved in glycerine, and nitro-glycerine is added. Collodion cotton or a suitable dope 
such as wood-flour and potassium nitrate may be added before the nitro-glycerine. 


Picric Acid and Trinitro-toluene 


Picric acid or trinitro-phenol, 


# h/(NO,)J 


the oldest organic dye-stuff, has 


been used extensively for filling shells, and its salts have formed constituents of 


priming compositions and of powders used as propellants. The honey-yellow colour 
of the molten acid suggested the name Melinite which it receives in France, while 
in other countries it is designated Lyddite, Pertite, Ecrasite, or Schimose. Its 
melting point, 122.5 0 C., is inconveniently high, so in order to secure greater ease 
in manipulation and less risk a quantity of a soluble substance sufficient to depress 
its melting point considerably is added to it. Dinitro-toluene, mononitro-naphthalene, 
and camphor have been used for this purpose. Girard (British Patent, 6,045, x 9 ° 5 ) 
gives a list of «nelting points of explosive mixtures of this kind:— 


Mixture in Equimolecular Pro¬ 
portions of— M. P. M. P. of Mixtme. 

Trinitro-phenol - - - - 122 0 C.\ „ n 

Nitro-naphthalene 6i° C. / 49 G. 

Trinitro-phenol - - - - 122 0 C.\ „ r 

Dinitro-toluene - - - - 71 0 C.j 47 G. 

Trinitro-phenol - - - • 122 0 C.\ 0 r 

Trinitro-cresol - 107° C.J 7 ° G. 
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The specific gravity of picric acid solidified from fusion is 1.64. A priming com¬ 
position, such as a mixture of ammonium picrate and potassium nitrate, is necessary 
to detonate the hard mass. 


The manufacture of picric acid is carried out in the following way ( Zeitschr . Schiess . Spring- 
stoffumen, 15, 1910). See also Dr A. H. Ney, Chemical Trade Journal , 23rd October 1915, 
PP. 3 * 5 > 3 ^* oh 

Phenol-sulphonic acid is first prepared, (c 6 H 4 ^S 0 8 h), which is then transformed into dinitro- 

phenol-sulphonic acid vCjH^NOalg^SOaH). The latter decomposes on warming with nitric 
acid according to the equation:— 

/OH 

C 6 H a (N 0 8 )/-S 0 8 H + HNO, » C e H a (N 0 2 ) 8 ( 0 H) + li a S 0 4 


12 parts by weight of phenol (M.P. 40° C.) are heated to ioo°-io5° C. for eight hours with 48 part* 
of sulphuric acid of sp. gr. 1.84, with constant stirring, in a vessel provided with a steam jacket. 
The melt is drawn off into a transportable earthenware vessel in which, on cooling, it solidifies to a 
butter-like mass. This is transferred by means of a scoop, in small portions at a time, to 90 parts 
of nitric acid of sp. gr. 1.385 contained in a large earthenware vessel which stands in a water-bath, 
stirring being continuous during the whole operation, and the temperature being kept below 20° C. 
This causes the phenol-sulphonic acids to change into dinitro-phenol-sulphonic acid. 

When all the sulphonic acid has been introduced, which for 100 kg. requires about twenty 
hours, the water surrounding the nitrating vessel is slowly warmed, by leading in steam, so that the 
temperature rises to 40°-5o° C. within the first four hours, and the water is then heated to boiling 
point. At 8 o °-90° C., large quantities of nitrous fumes are evolved which are conducted through 
earthenware pipes to absorption towers; the vigorous reaction having subsided, the water in the 
heating bath is kept boiling for three to four hours longer, and the contents of the vessel are stirred 
at intervals with a strong glass or porcelain rod. Heating is then discontinued, and the contents 
of the vessel are allowed to cool to 30*-35° C., when the picric acid appears almost entirely in the 
crystalline form. The waste acid is syphoned off, and several water washings are followed by 
wringing in a centrifugal, which is lined with woollen cloth, and into which cold water is sprayed 
until the drainings contain traces only of H^SO^ After wringing, the picric acid still contains 
10-15 per cent, of water, and its further drying is effected by placing it on glass plates in a warm 
air current or in a vacuum drying apparatus. To recrystallise (not usually necessary) dissolve moist 
crystals in 10-12 times their weight of boiling water, filter through wool, and slowly cool. 

The yield from 100 parte of phenol, melting at 40° C., amounts to not more than 190 parts of 
picric acid, of melting point 121-122° C., while theory requires 243 parts. The diminution in yield 
is to be attributed to oxidation due to the excess of nitric acid used. At the same time a consider¬ 
able excess of nitric acid is necessary in order to avoid the production of lower nitro-derivatives of 
phenol. 


Picric acid can also be made by nitrating phenol with sodium nitrate and 
sulphuric acid. [See German Patents, 51,321 (1889) and 67,074 (1891).] 

Picric add is now made on the large scale by nitrating chlorbenzol, C 8 H 5 C1, to dinitro- 
chlorbenzol, C 8 H 5 Cl(NOo) 2 , separating this product from the spent nitrating mixture, and heating 
with caustic soda, when the chlorine atom is replaced by the hyaroxyl group. 

The high melting point of picric acid is not its only disadvantage. It will have been noticed that 
during manufacture all contact with metals is avoided. Some of the metallic picrates are extra¬ 
ordinarily sensitive to shock, for instance those of lead and copper, and these salts are formed if the 
add comes in contact with metals (except tin) or their oxides. Under favourable circumstances then 
detonation may take p.ace, and, simultaneously with it, that of all the picric acid surrounding them, 
or in the immediate neighbourhood, hence the necessity for varnishing the interiors of shells, for 
giving special protection to primers, and for taking the utmost precaution to prevent access of foreign 
bodies. Picric acid will generate other acids from salts containing their radicles, and will decompose 
nitric esters, and if used at all it should be used alone. The dust from it is poisonous, as also are 
the fumes arising from the molten acid, and its dyeing effect upon the skin is well known. Ammonium 
picrate and nitre, the constituents of Brugfere’s powder, are now used as a priming composition. 

Solubility of Picric Add.-— 100 parts water dissolve 0.626 at 5 0 C., 1.161 at 15° C., 1.225 at 
20° C.» 1.380 at 26* C., 3.89 at 77° C. H a S 0 4 diminishes its solubility. Easily soluble in alcohol 
and ether; benzol dissolves 8-10 per cent, at ordinary temperatures. 


Trinitro toluene has sprung into prominence as a substitute for picric acid, 
chiefly owing to its freedom from acidic properties, its lower melting point, 
and great stability. Of the various isomers the one having the structure 


44 
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C 6 H 2 (N 0 2 ) 3 .CH s i.( ch , : 2 :4:6) is used (see Ber., 1914, p. 707; 

SMess. Sprengstoffwesen, 1907,4; 1910, 156; I9II, 301; 19x2,426; 1 7 *). 

Its manufacture from pure toluene is carried out in stages. **•<••*-*— 

180 kg. of pure toluene are first of all transformed into mono-nitro-toluene by means of a 
mixture of 315 kg. of sulphuric acid (sp. gr. 1.84) and 200 kg. of nitric acid (sp. gr. 1.44); the 
waste acid is drawn off, and a fresh acid mixture of 600 kg. of sulphuric acid (sp. gr. 1.84) and 
200 kg. of nitric acid (sp. gr. 1.48) transforms the first product into dinitro-toluene. The mixture 
is heated and stirred during the operation, and the dinitro-toluene separates as an oily layer from 
the hot mixed acids. The waste acid from this second stage is revivified by the addition of 135 kg. 
of fresh nitric acid (sp. gr. 1.44), and is used again for making mono-nitro-toluene. 

Dinitro-toluene forms, on cooling, a pale yellow, fibro-crystalline, moderately hard andT brittle 
mass, which on further treatment with sulphuric and nitric acids is transformed into trinitro-toluene. 
For this purpose it is dissolved by gently heating it with four times its weight of sulphuric acid 
(95-96 per cent.) and it is then mixed with one and a half times its weight of nitric acid (90-92 per 
cent.), the mixture being kept cool. Afterwards it is digested at 90°-95° C., with occasional 
stirring, until the evolution of gas ceases, which takes place in about four or five hours. The 
product, after cooling, is separated and washed. 

According to the purity of the dinitro-toluene one may obtain an end-product with a melting 
point of 72°-73° C., or a purer form with a solidifying point of 77°-79° C. The impure form is used 
exclusively in blasting explosive mixtures. By recrystallising the higher melting product from 
alcohol or petroleum benzene it may be obtained pure, and then melts at 80.6° C. It is finely 
crystalline, is bright yellow in colour, has no specially bitter taste, and the dust arising from it is 
said to have no injurious effect. Whether in the form of powder, or in the massive condition after 
pressing or fusion, it is quite insensitive and much safer to manipulate than picric acid. It can be 
detonated with a No. 3 detonator (0.54 g. of fulminate composition) when in the form of powder, 
and no poisonous gases are produced. It is quite stable under the influence of heat and moisture, 
and has no action upon metals or metallic oxides. 

Its low density is a drawback (1.54 against 1.64 for picric acid). Rudeioff {Zeitschr. Sc hie 7 s. 
Sprengstoffivesen , 7, 1907), obtains a density of 1.85 to 1.90 by making a plastic substance from 
trinitro toluene and potassium chlorate with a gelatine made from dinitro-toluene and soluble nitro¬ 
cellulose. Bichel (British Patent, 16,882, 1906) makes a plastic “ compound ” with collodion cotton, 
liquid dinitro-toluene, aud larch turpentine to which he gives the name Plastrotyl. Messrs Allen- 
dorf mix the trinitro-toluene, together with some lead nitrate or chlorate, with a gelatine made from 
oinitro-toluene and nitro-cellulose, and call the product Triplastit. Bichel (British Patent, 19,215, 
1906) melts the trinitro-toluene and, after first exhausting all occluded air, compresses the molten 
product during cooling by means of compressed air. In this way he increased the density to 1.69. 
Rudeioff, using hydraulic presses, subjects it to a pressure of 2,000-3,000 atmospheres whereby it 
attains to a density of 1.7, and can be cut and worked like gun-cotton. For the purpose ot 
facilitating detonation some loose trinitro-toluene is used as a primer. 

Trinitro-toluene has been introduced into the French service under the name of Tolite. The 
Spanish Government call it Trilit. The carbonite works of Schlebusch are introducing it into other 
services under the name of Trotyl, and Messrs Allendorf of Schoenebeck under the name of Trinol. 

Trinitro-benzene is also receiving attention as a suitable material for filling shells. 

Schroetter and von Freiherr (British Patent, 8,156, 1907) have proposed the use of hexa-nitro- 
diphenylamine, in a compressed condition, or its salts, in the manufacture of high explosives for 
adjusting the sensitiveness and the melting point. 

Other nitro-derivatives of hydrocarbons and of phenols are used in explosive mixtures. Among 
the former are dinitro-benzene, chlor-dinitro-benzene, dinitro-toluene, di- or tri-nitro-den- 
vatives of mesitylene, pseudocumene, and xylene, dinitro-naphthalene. Trinitro-n&phthalene 
and tetra-nitro-naphthalene have also been proposed. Of the nitro-phenols, perhaps the most 
important is tri-mtro-cresol, known as Cresilite in France, where it is added to Melinite. 
Other niiro-derivatives of the aromatic series will be mentioned in the section on detonators. 

The work of Dr B. J. Fliirsheim on the polynitro-derivatives of aromatic compounds has aroused 
widespread interest. 2:3:4: 6-tetranitro-amline or tetranyl, which he obtains by nitrating 2:3- 
dinitro-aniline, 3:4-dinitro-aniline or metanitro-aniline (British Patents, 3,224,1910, and 3,907,1910; 
D.R.P., 242,079 and 241,697), appears from results of tests which have been published to be par* 
ticularly well adapted for use as an explosive {Prcc. Ckem. See., 26, 1910; Zeitschr . Sckiess. 
Sprengstoffivesen , 10, 1913, and 2, 1915; Joum. U.S, Artillery , 40, 1913), and is suggested for 
application in detonators, explosive mixtures, propulsive powders, and detonating fuses, also for 
filling shells, mines, and torpedoes. It may be used as a primer (British Patents, 16,673, 1911, and 
2,407, 1912) or in admixture with (1) trinitro-amino-anisol or trinitro-amino-phenetol (British 
Patent, 18,777, 1911) or (2) with aluminium and ammonium perchlorate (French Patent, 465,082, 
1913). The application of tetranitro-aniline on an appreciable scale will no doubt depend on 
whether or not tne stringent official requirements regaining explosives and their ingredients can be 
met at a suitable cost and without sacrifice of efficiency. 

Ammonium Nitrate Explosives, Safety Explosives 

Bichel, in conjunction with Dr Mettegang and other colleagues, has investigated 
experimentally the conditions which determine the superiority of some explosives 
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over others, with regard to their liability to ignite mixtures of pit gas and air. They 
have proved that this liability depends upon the length, duration, and temperature 
of the flame accompanying detonation, and the figures obtained on dividing the 
duration of flame by the time of detonation, to which they give the name “ after- 
flame ” ratio, distinguish in no uncertain fashion those explosives which may be 
considered “ safe ” from those which are known to be unsafe. Even a “ safe ” 
explosive becomes dangerous if more than a certain amount of it, known as the 
“charge limit,” be used at one time. 

In testing explosives for * 4 safety ” at the British Home Office Testing Station at Rotherham 
shots are first fired into a mixture of gas and air (13.4 per cent, coal gas). When the largest charge 
which can be fired, without igniting the mixture, has been determined, further shots are fired— 
beginning with this charge, and, in the event of an ignition, reducing the charge—until five shots 
of the same weight have been fired without igniting the mixture. Starting with the charge so 
determined similar experiments are carried out with coal dust until five shots of the same weight 
have been fired without igniting the coal dust. The lower of the charges thus determined is known 
as the “ Maximum Charge.” The shots are unstemmed. In Germany a more dilute gas mixture 
is used (7-9 per cent, methane in air). The less the area of cross section of the gallery the more 
easily does ignition take place, so until a standard type of gallery is agreed upon, and a definite 
method of testing adhered to, the results from the various testing stations can have little value foi 
purposes of comparison. 

Gunpowder, trinitro-toluene, picric acid, blasting gelatine, gelatine dynamite, and 
gun-cotton are all unsafe. Explosives containing nitro-glycerine may, however, He 
perfectly safe; in fact, such explosives are amongst the safest we have. In these 
the percentage of nitro-glycerine is comparatively low, and the other ingredients are 
such as will give as low a temperature as is consistent with satisfactory work. 
Ammonium nitrate is very frequently used in safety explosives, and a small amount 
of nitro-glycerine will ensure its complete detonation. Many safety explosives 
contain ammonium nitrate and compounds of the type of dinitro-benzene, while 
in others, which contain no ammonium nitrate, the cooling effect of substances 
like ammonium oxalate or salts containing water of crystallisation is relied upon 
to confer the necessary degree of safety. While ammonium nitrate explosives in 
general may be said to have a higher “ charge limit ” and a less violent shattering 
effect than the explosives mentioned above, and possess the further advantages 
of being safer to handle and transport and of requiring a strong detonator, it must 
not be forgotten that their use is best confined to a definite type of work. The 
hygroscopic nature of ammonium nitrate is a disadvantage which is overcome by 
various devices, but its low specific gravity necessitates greater expense in preparing 
the larger bore-holes necessary to accommodate the charge. 

For use in the production of explosives the ammonium nitrate is dried, finely 
ground, mixed with the other ingredients in a drum-mixer, again dried at 60* C., 
and afterwards made into cartridges. The cartridges for protection against moisture 
are either surrouhded by tinfoil or impregnated with paraffin or ceresine, which 
is accomplished by dipping them in a bath containing these substances in the 
molten condition. 

Rigid cartridges are produced by pressing a mixture made plastic either by 
means of a molten binding material (a nitro-hydrocarbon) or by a solution—collodion 
cotton in acetone for example. On cooling, or on evaporation of the solvent, the 
solid cartridge is obtained. 

The following are explosives containing ammonium nitrate: Ammoncarbonite, 
Wetterfulmenite, Chromammonite, Roburite, Dahmenite, Dorfite, Bellite, Securite, 
Trench’s flameless explosive, Faversham powder, Ammonite, Electronite, Amvis, etc. 

As mentioned above, the addition of various salts to the explosive mixture for the purpose of 
reducing the temperature of the detonation products has been made. Claessen (British Patent, 
2,340, 1906) uses chrome alum or ammonium chrome alum; the Castroper Sicherheitssprengstoff 
Akt.-Ges. (British Patent, 18,275, 1 9 ° 5 ) usc ammonium chloride and potassium oxalate; Curtis 
and others (British Patent, 24,934, 1902) suggest copper sulphate, or a mixture of copper sulphate 
with ammonium sulphate or equivalent salts. The fire extinguishing compound of Mr Geo. Trench, 
consisting of sawdust impregnated with a mixture of alum and chlorides of sodium and ammonia, 
is so disposed about the explosive proper as to prevent the ignition of a surrounding explosive gas 
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mixture. Nearly all safety explosives require a No. 6 detonator and are generally fired by low 
tension fuses connected to a magneto firing apparatus. The composition of a few members of this 
huge class is given in the appendix to this article. An apparently practical proposal for supervision 
of the mine gases is made by Teclu (/. Prakt. Chem., $2, 237-240, 1911, Chem. Lab. der Wiener 
Handelsakademie) who tests the gas mixtures at various parts of the mine by drawing samples 
through tinned iron tubes, by means of a powerful suction pump, into explosion vessels situated on 
the surface. The gas samples can be tested in a few minutes with perfect safety, and the results 
signalled. 

Plasticity is a desirable quality in an explosive intended for use in bore-holes, 
and ammonium nitrate explosives possessing plasticity are now produced. 

Gelatineastralite contains ammonium nitrate with some sodium nitrate, up to 20 per cent, 
of dinitro-chlorhydrin and maximum amounts of 5 per cent of nitro-glycerine and 1 per cent, of 
collodion cotton. Gelatinewetterastralite z has the composition : 40 per cent, ammonium nitrate, 
7.5 per cent, sodium nitrate, 16 per cent, dinitro-chlorhydrin, 4 per cent nitro-glycerine, 0.5 per 
cent, collodion cotton, 0.5 per cent wood-meal, 8 per cent, potato starch, 2 per cent, rape seed oil, 

1 per cent, nitro-toluene, 2 per cent, dinitro-toluene, 14 per cent, salt, and 2.5 per cent, ammonium 
oxalate. Another plastic ammonium nitrate explosive known as Plastammone contains ammonium 
nitrate, glycerine, mono-nitrotoluene, and nitro-semicellulose. 

The use of aluminium powder as an ingredient of explosives, first suggested by Dr Richard 
Escales in 1899, results in a rise of temperature and a considerable increase in pressure produced 
by the heat evolved during the oxidation of the aluminium, in other words, the explosive power is 
increased. 

The high price of aluminium powder and its liability to oxidise prematurely have militated 
against its more general adoption. Ammonal is an explosive containing aluminium powder, and 
a similar mixture has been used in Austria-Hungary for several years for filling shells. The latter 
has approximately the following composition : 47 per cent, ammonium nitrate, I per cent, charcoal, 
30 per cent, trinitro-toluene, and 22 per cent, aluminium. It is compressed, heated to 67* C., 
dipped in molten trinitro-toluene, and cooled in a stream of air. 

Calcium-silicon, ferro-silicon, silicon, silicon carbide, magnesium, zinc and its alloys, copper, 
and the rare metals have all been the subjects of patents regarding the production of effects 
similar to those of aluminium. 

Chlorate and Perchlorate Explosives. 

The developments of electro-chemistry having resulted in the production of 
chlorates in large quantity, an outlet for these was sought in the sphere of 
explosives and ultimately found. Chlorates have long been forbidden for 
explosives manufacture on account of the sensitiveness of mixtures containing them 
to shock and friction. Street found, however, that by using castor oil in the mixture 
this danger was obviated (D.R. Patent 100,522, 1897; 100,532, 1897; 117,051, 
1898; 118,102, 1898). Cheddites, so-called from their piace of manufacture, 
Chedde, in Haute-Savoie, are composed as follows (Dr Escales' article on 
“ Explosivstoffe,” Dammer’s “ Chemische Technologie der Neuzeit ”): (1) KCIO, 
79 per cent., nitro-naphthalene 15 per cent., castor oil 6 per cent.; (2) KCIO. 
79 per cent., dinitro-toluene 15 per cent, nitro-naphthalene 1 per cent., castor oil 
5 per cent; (3) NaClOg 75 per cent., dinitro-toluene 19 per cent., nitro-naphthalene 
1 per cent, castor oil 5 per cent; (4) KC 10 g 80 per cent, dinitro-toluene 2 per 
cent., nitro-naphthalene 10 per cent, castor oil 8 per cent 

The dinitro-toluene and nitro-naphthalene are dissolved in warm (6o*-7o*) castor 
oil contained in a double-walled enamelled iron vessel, and the finely pulverised, 
dried and sieved potassium chlorate is added with constant stirring or kneading by 
means of a huge wooden paddle. After further working the explosive is corned 
and on standing for some time is made into cartridges which are waterproofed. 

A cheddite containing ammonium perchlorate has the following composition: 82 per cent 
ammonium perchlorate, 13 per cent dimtxo-toluene, and 5 per cent castor oil. HC1 is evolved in 
its decomposition, and is not entirely prevented from forming by the addition of sodium nitrate. It 
possesses, in a high degree, the disadvantage, shared by chlorate cheddites, that it easily becomes 
bard, and is then not completely detonated. 

€#Hisfv steatite consists of 74 parts of potassium chlorate, 25 parts of oxidised resin, and 1 part 
of castor on. 

Silesia Powder (186,829, 1902, D.R. Patent) is a mixture of 75 per cent chlorate 

and pure or nitrated resin* Ffcrmonste and Alkalsite contain 25-32 per cant potassium per¬ 
chlorate, ammonium nitrate, trinitro-toluene, and other constituents. Yoackite, a Belgian exploriv^. 
contains, in addition to perchlorate, potassium nitrate and mononitronaphthaiene. 
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Spermaceti/ tar,f naphthalene t and paraffin, linseed oil,§ and a solution of hydrocarbons I have 
all been proposed for use with chlorate explosives. 

The suggestion, made by Sprengel so long ago as 1871, to transport an oxygen 
carrier and a combustible substance separately to the place required, and there to 
mix them in suitable proportions immediately before use, is still acted upon in 
some countries. Potassium chlorate is one of the oxygen carriers used. 

Winand (British Patent, 26,261, 1907) has suggested tetranitro-methane as 
an. oxygen carrier for the production of explosives of the Sprengel type. 

This substance should prove useful in other respects, though its volatility is a disadvantage. It 
can be made quite easily, without danger, and in almost theoretical amount by allowing nitric acid to 
react with acetic acid anhydride at ordinary temperatures (Chattaway, Jourtt. Chetn. Soc., Nov. 1910). 

It is a colourless oil which solidifies to a crystalline mass, melting at 13° C It is insoluble 
in water, but dissolves readily in alcohol and ether, is very stable, and does not explode on the 
application of heat, but distils quietly at 126° C. 


Fulminate of Mercury. Azides. Primers. Percussion Caps. 

Detonators 

The detonation of an explosive is almost always effected by the detonation of 
a more sensitive explosive, of which a small quantity is placed in juxtaposition with 
the first, and fired by mechanical shock, fuses, or electrical devices. Ordinary 
percussion cap composition contains a mixture of mercury fulminate, potassium 
chlorate and antimony sulphide to which powdered glass may be added, in order 
to obtain increase of sensitiveness. The caps for detonators are of pure copper, 
are cylindrical in shape, closed at one end, and charged with an intimate mixture 
of 85 per cent mercury fulminate and 15 per cent, potassium chlorate. Detonators 
are made in ten sizes, numbered consecutively, and contain 0.3, 0.4, 0.54, 0.65, 0.8, 
1.0, 1.5, 2.0, 2.5, or 3 g. of the detonating mixture. 

Fulminic acid is the oxime of carbon monoxide, H.O.N=C*, and its mercury salt is 

Q , Q tf 

represented by the formula ^ . The latter is obtained by the action of 

ethyl alcohol or of methylated spirit on a solution of mercury in nitric acid. The 
reaction takes place in a large flask or carboy, and may require to be moderated by 
the addition of alcohol. It has been shown that oxides of nitrogen must be present; 
that acetaldehyde gives a much larger yield of fulminate than alcohol; and that 
1-carbon bodies (methyl alcohol, formaldehyde) and also 3- and 4-carbon com¬ 
pounds give none at all. 

The alcohol is first oxidised to aldehyde: this is converted by the nitrous acid present into 
isonitroso-acetaldehyde, and this is further oxidised to isonitroso-acetic acid. This fast body is 
converted by nitrous fumes (by nitration followed by loss of carbon dioxide) into methyl nitrolic 
acid, which reacts with mercuric nitrate to give mercury fulminate:— 

CH*. CH*OH ->■ CH a . CHO HO. N jCH.CHO ■> HO.N iCH.COOH -> HO.N iQNOJ.COOH 

->HO.N: C(NO a ) H->HO. N; C 

Small gfey needles of the fulminate separate, and after transference to a cloth 
filter are washed till add free, and then dried in a vacuum apparatus. F rom 100 g. 
of mercury 125 g. of fulminate are obtained. The alcohol in the condensed 
vapours is used again. A pure white fulminate, free from metallic mercury, is 
obtained by adding a little hydrochloric acid and copper to the acid mixture. It 
is soluble in 130 times its weight of boiling water, and in ammonia, has a sp. gr. 
**4.42, and when dry explodes by a moderate blow or slight friction. When 
detonated in a space entirely filled by it, it develops a pressure more than twice 


* Hahn (British Patent, 960, 1867). t Tschimer {ibid., 447, 1880). 
t Fraenkel ( ibid., 13,789, 1888). § Brank {ibid., 5,027, 1891). 

II Hinly {ibid., 1,969, 1882), and Lyte and Lewall {ibid., 14,379, 1884). 
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that of nitro-glycerine treated under similar circumstances. Confinement is necessary 
to develop its full power, though a very slight degree of confinement is sufficient. 

In the firing of smokeless powders the necessary increase in temperature is obtained by adding 
a combustible substance. Aluminium powder, either mixed with the fulminate or pressed in a layer 
on top of it, has been successfully employed by Dr Brownsdon and the King’s Norton Metal 
Company (British Patent, 23,366, 1904). An important step in advance was made when the 
expensive and dangerous fulminate of mercury or its mixture with potassium chlorate was 
diminished in quantity to a fraction of its original amount by the use of picric acid or, much better, 
trinitro-toluene. 

A No. 8 detonator containing 2 g. of the ordinary fulminating composition is equalled by one 
containing only 0.5 g. together with 0.7 g. of trinitro-toluene. 

Dr Claessen (British Patent, 13,340, 1905) has shown that even better effects are obtained by 
the use of what he calls tetranitro-methylaniline or tetranitro-ethylaniline. These substances are 
really trinitro-phenyl-methyl-nitramine and trinitro-phenyl-ethyl-nitramine. The commercial name 
for Claessen’s substance is “tetryl.” “Tetryl” detonator No. 6 contains 0.4 g. of trinitro-phenyl- 
methyl-nitramine and 0.3 g. of a mixture of 87.5 per cent, mercury fulminate and 12.5 per cent, 
potassium chlorate. 

Mercury fulminate may now be dispensed with and replaced by an even smaller 
quantity of an azide. Dr Lothar Wohler finds that an ordinary No. 8 detonator 
is equalled by one containing 1 g. of picric acid or of trinitro-toluene and 0.023 g- 
of silver azide in place of the usual mercury fulminate charge of 2 g. (British Patent, 
4,468, 1908). 

M. Hyronimus (British Patent, 1,819, 1908) has patented the use of lead azide, 
Pb(N 8 ) 2 , and describes a safe method of manufacturing it, founded on the process 
used by Wislicenus ( Ber ., 1892, 25, 2084). 

Sod&mide is first prepared, and is transformed into sodium azide by warming at 300° C. in a 
stream of nitrous oxide gas. The sodium azide is dissolved in water, the solution is neutralised 
with very dilute nitric acid, and lead azide is precipitated by adding a solution of lead nitrate. The 
reactions which take place are represented by the following equations : (1) Na+ NH 8 =NII 2 Na+ II ; 

(2) NH 2 Na + N a 0 =NaN 8 + H 2 0 . The water formed decomposes part of the sodamide, thus: 

(3) NII 2 Na + H a O = NH 8 + NaOII. The reaction of the sodium azide with lead nitrate goes 
as follows: (4) 2NaN3 + Pb(N 0 3 ) 2 =Pb(N s ) 2 + 2 NaN 0 8 . The crystalline lead azide is washed 
on a filter and dried at a temperature below ioo° C. 

At 300° C. sodamide is fusible and sodium azide infusible; the latter as it forms absorbs the 
former and protects it from further action of the nitrous oxide. The sodamide is therefore 
incorporated with anhydrous materials like lime, magnesia, or sodium sulphate at i90°-200° C., 
and in this subdivided state reacts more readily with the nitrous oxide. Siliceous absorbents such 
as pumice stone and infusorial earth would react with the caustic soda formed in the reaction, and 
both delay the process and diminish the yield. 

Thiele ( 3 er. t 1908, 41, 2681-2683) has obtained an almost quantitative yield of azoimide by 
the action of ethyl nitrite on hydrazine in presence of alkali. Hydrazine hydrate (1 molecule) is 
mixed with 4 N. sodium hydroxide (i$ molecules), ethyl nitrite (i£ molecules), and ether, and the 
mixture is allowed to remain first in ice and then at the ordinary temperature. After twenty-four 
hours the sodium azide is collected and washed. Hydrazine sulphate may be used with appropriate 
modifications. StolW {Ber. , 1908, 2811-2813) has patented a similar process. The yield of 
azoimide obtained when a benzene solution of nitrogen chloride is shaken with a solution of 
hydrazine sulphate, with addition of caustic soda at intervals, is 36 per cent. (Tanatar, 3 er. t 1899, 
3*. * 399 )- 


Smokeless Powders 

Smokeless powders of the present day contain, as chief constituent, nitro-cellulose 
alone or mixed with nitro-glycerine or some other nitro compound or inorganic 
oxidising agent. Attempts to use fibrous gun-cotton as a propellant were attended 
by failure. Dangerously high pressures were developed in the bore of the gun. It 
was only when the control of the rate of combustion of the explosive was made 
possible by gelatinisation that progress could take place. 

Roughly speaking, gelatinised nitro-cellulose burns in consecutive layers in such a way that 
equally thick layers are consumed in equal times. With the same composition of explosive it is 
possible, by varying the shape and size of the unit pieces of powder in the charge, to regulate the 
rate of combustion of a powder so as to give the desired velocity and yet keep within the pressure 
limits permissible. In France, powders take the form of ribbons, in Great Britain cords, in Germany 
flakes and tubes, in Italy cords of square section, in the United States short multiperforated cylinders 
Ballistite is formed into cubes, and sporting powders abroad have in some cases a spiral shape. 
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For gelatinising nitro-cellulose the solvents acetone or ether alcohol are generally 
used, the former for gun-cotton and the latter for collodion cotton. The nitro¬ 
cellulose is used after drying by the ordinary method in drying houses, or is made 
anhydrous by soaking it in alcohol—first of all in alcohol which has already been 
used for this purpose and then in pure alcohol, squeezing the liquid out after each 
operation in a press. Gelatinisation of the finely powdered dry nitro-cellulose takes 
place in a mixing machine, after which the mixture is rolled under a pair of heavy 
rolls into sheets of the required thickness (0.3-0.7 mm.) which are afterwards cut 
up into squares and dried. 

The British service powder, Cordite M.D., is a nitro-cellulose, nitro-glycerine 
colloid containing 65 per cent, of gun-cotton, 30 per cent, of nitro-glycerine, and 
5 per cent, of mineral jelly. The percentage of nitro-glycerine was originally 58 
and that of gun-cotton 37, but this produced a considerable erosive effect upon the 
guns which has been minimised by the adoption of the present modification without 
materially altering the ballistic results. 

It is made as follows: Dry gun-cotton is taken in non-absorbent bags to the nitro-glymine 
mixing house where the requisite amount of nitro-glycerine is added. The “ paste” now in the hags 
is taken to a sifting house, where it is first mixed by hand in a leaden trough standing on supports 
and then rubbed through a sieve situated at the bottom of a lx>wl-shaped extension into a bag 
suspended beneath. Removal to the incorporating house next follow s. In this is a kneading machine 
of the well-known Werner, Pfleiderer, & Perkins type (Fig. 245), is started after some acetone has been 
placed in the trough, the “paste” is then added and lastly the remainder of the acetone. After three 
and a half hours’ incorporation the mineral jelly is added and the kneading continued for another time 
and a half hours. The trough is water-jacketed for cooling purposes, and a cover is placed above 
it to prevent loss of acetone. The cordite paste is then placed in a cylindrical mould and forced 
by hydraulic pressure through a die, and the long cord thus formed is wound on a metal drum or 
cut into lengths. It is then sent to the drying houses and dried at a temperature of about 38 , C. for 
three to fourteen days according to the diameter of the cordite, after which it is thoroughly blendtd 
and despatched from the factor). 

The finished cordite resembles a cord of gutta-percha, and varies in colour from 
light to dark brown. Its diameter varies according to the type of gun for which 
it is intended, and amounts to .0375 of an inch for the .303 rifle when it is used in 
bundles of sixty strands, while for heavy guns sticks of 0.40-0.50 of an inch diameter 
and 14 in. long are used. A smaller charge is required to produce a given muzzle 
velocity with cordite than with gunpowder, and temperature differences do not 
affect its ballistic properties much more than in the case of the latter. It is safe 
to handle, is very insensitive to shock, can be burnt away in considerable quantities 
without explosion, and retains its stability for considerable periods under the most 
varied climatic conditions. Its erosive effect upon guns is greater than that of 
gunpowder, and differs in its nature from that produced by the latter, which furrows 
the metallic surface, while cordite sweeps the surface smoothly away for a shorter 
distance. 

The annexed figure, taken front Professor V. Ik Lewes’s paper read before the Society of'Aits, 
and due to Dr W. Anderson, F.R.S., show's graphically the pressures given by cordite and by black 
powder in the 6-in. gun (Fig. 248k 



a , Charge, 48 lbs. powder; b, Charge, 13 lbs. 4 02. cordite; r, Charge, 13 lbs. 4 oz. powder. 
’ Weight of projectile, 100 lbs, in 6-in. gun. M.V. cordite = 1,960 ft. per sec. 
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A problem of great economic importance, that of the profitable recovery o l 
solvent from the gelatinised explosive during drying, has been solved in recent 
years. Dr Robert Robertson and Mr Wm. Rintoul (British Patent, 25,993, 1901) 
have worked out, at Waltham Abbey, the process now used for recovering acetone 
from the atmosphere of cordite drying houses. 

'I he accompanying drawing of the absorption apparatus (Fig 249), together with the following brief 
description, will s,e ve to indicate the method of working. The interiors of the drying houses are 



Fig. 249. —Section, Plan, and details of an Absorption Tower 
used in Robertson and Rintoul’s Acetone Recovery Piocess. 


connected by zinc pipes to a central absorption apparatus consisting of a series ot towers of 
rectangular section. A concentrated solution of sodium bisulphite is run down these towers, and 
is distributed so as to descend by way of the woollen or other fibres which are arranged in zigzag 
fashion on wooden frames, and at the same time a Root’s blower or exhaust fan aspirates the acetone- 
la den air of the drying houses through the towers in series, the air current passing up the tower 
while the bisulphite solution flows down. The liquors which have collected at the bottom of tfce 
la<d tower and have met the poorest acetone mixture are blown by compressed air elevators to the 
tank connected with the top of the second tower, while fresh bisulphite solution continually descends 
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the last tower. The partially saturated bisulphite solution descends the second tower, and after¬ 
wards, in the same way, the remaining towers of the series; the saturated solution obtained from 
the first tower, that up which the air current first passes, is distilled, and the distillate is rectified 
over caustic soda. The residual bisulphite solution is used again. 

Bouchaud-Praeciq (British Patent, 6,075, I 9°5) has described a process for 
alcohol ether recovery in which the vapours are aspirated first through a cooling 
and drying vessel containing a mixture of calcium carbide and sodium, and thence 
to an absorbing chamber, charged with pumice stone, down which sulphuric acid 
flows. The liquid is distilled at a low temperature or under reduced pressure for 
recovery of the solvent. 

Solenite is an Italian nitro-glycerine, nitro-cellulose powder, containing 30 parts 
of nitro-glycerine, 40 parts of 41 insoluble” and 30 parts of “soluble” nitro-cellulose, 
the two latter having an average of 12.6 per cent, of nitrogen. Acetone is used 
for promoting the solution of the “insoluble” nitro-cellulose. 

Ballistite is another nitro glycerine, nitro-cellulose powder the manufacture of 
which differs from those already given. “ Soluble ” nitro-cellulose, in the form of a 
fine powder, is suspended in fifteen times its own bulk of hot water, and nitro¬ 
glycerine is added, the mixture being stirred by means of compressed air (Lund- 
holm & Sayers, British Patent, 10,376, 1889). The water acts as a carrier and 
enables the nitro-glycerine to gelatinise the nitro-cellulose. The paste resulting is 
freed from water in a centrifugal machine and allowed to ripen. It is then brought 
under heated rolls (i22°-i4o° F.), weighted to exert a pressure of 100 atmo¬ 
spheres. and the sheets thus obtained are cut up into flakes, cubes, strips, etc., as 
required. 

Sporting powders are of two kinds, the so-called bulk powders, consisting of 
loose granules, coated or hardened by means of a solvent, and the so-called 
condensed powders, gelatinised throughout and made in practically the same way 
as military flake powders. A powder of an intermediate type, the Waisrode 
powder, for instance, is made by first gelatinising throughout, and then treating 
with water or steam. In this way granules are formed and part of the solvent is 
driven out again, leaving a “bulky” but hard grained powder behind. The bulk 
powders are supposed to just fill a cartridge used in the old black-powder gun, 
the condensed powders are made for modem weapons. The usual bulk powders 
are composed of collodion cotton mixed with potassium or barium nitrate, and 
generally worked up in an incorporating mill or drum. The mixture is then either 
sprinkled with water in a rotating drum so as to form grains, or may be pressed 
and then broken into grains, the solvent being sprinkled over when the grains are 
already formed. 

Smokeless powder gives ft strong luminous flame which in military operations will disclose the 
position of an attacking force. The flame owes its luminosity to incandescent solid particles, and 
to the sudden combustion, under pressure, of gases which have escaped complete oxidation in the 
gun, but are still capable of uniting with oxygen. Many attempts to secure absence of flame 
nave been based on the principles applied to the making of safety explosives for coal mines. 
Sodium bicarbonate and cyanamide, for instance, are added to produce a cooling effect. The 
following have been the subjects of patents; Vaseline (British Patent, 19,7 73, 1900); Vaseline and 
alkali bicarbonate (D.R. Patent, 175,399, 1903); Diethyldiphenylurea (D.R. Patent, 194,874, 
1906); Cyanamide (D.R. Patent, 201,215, 1902); Tartrates (British Patent, 15,566, 1905); Olive 
oil (British Patent, 15,565, 2905); Salts of dibasic organic acids and oils, fats or resins (British 
Patent, 19,408, 1906); Soaps (D.R. Patent, 195,486, 1907). 

The nitro-cellulose used in modern explosives has a tendency to decompose 
under conditions to which it may frequently be subjected before it is actually used 
in the gun, and in its gelatinised condition retains small quantities of the solvent 
which has been used to produce the powder, in spite of the prolonged drying at 
somewhat elevated temperatures which it has undergone. The removal of residual 
solvent is important if constant ballistic qualities axe to be obtained. Water 
treatment! followed by drying, has been resorted to in some cases, but wherever 
heating is necessarily prolonged there is considerable risk of impairing stability. 
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At the same time it may be pointed out that a beat treatment will sometimes 
apparently improve a powder, and may actually do so if volatile catalysts alone 
are in question. 

Stability must be carefully tested at regular intervals during storage. Special additions are 
frequently made during manufacture for the purpose of removing incipient acidity. Aniline, for 
example, is added to bailistite in Italy, and diphenylamine, which is used in France, acts not only 
as a so-called “ stabiliser,” but as an indicator, owing to the change in colour produced by nitrogen 
oxides. These additions, however, delay deterioration under adverse storage conditions for a short 
time only. 

The composition of a few smokeless powders will be found in the appendix. 

The writer of the article desires to acknowledge his indebtedness to the following 
works:— 

“ The Manufacture of Explosives,” by the late Oscar Guttmann, F.I.C. Whittaker & 
Co., 1895. 

“ Twenty Years* Progress in Explosives,** by the same author. 1909. 

“A Handbook of Modern Explosives,*’ by M. Eissler. Crosby Lockwood & Son, 1S97. 

“Nitro-Explosives,** by P. Gerald Sanford, F.I.C., F.C.S. Crosby Lockwood & Son, 
2nd edition, 1906. 

“Die Explosivstoffe,**—“Nitroglyzerin und Dynamit” (1908), “ Ammonsalpetersprengstoffe” 
(1909), “Chloratsprengstoffe ** (1910); by Dr Richard Escales. Veit & Co., Leipzig. 

“New Methods of Testing Explosives,” by C. E. Bichel. Charles Griffin & Co. Ltd., 1905 

Dr Dammer’s “Chemische Technologie der Neuzeit.” Article on “Explosivstoffe” by Dr 
Richard Escales. Ferdinand Enke, 1910. 

Allen’s “Commercial Organic Analysis,” new edition. Article by A. Marshall, F.LC., 
on “ Modern Explosives.” 1910. 

The Journal of the Chemical Society; The fournal of the Society of Chemical Industry ; The 
Chemical Trade Journal; Zeitsckrift ftir das gesamte Schiess - und Sprengstojfwesen ; 
ZeitschriftfUr angewandte Chemie ; Chemiker Zeitung. 


Observations on the Testing of Explosives 

All materials used in the manufacture of explosives must conform to rigid specifications, which 
are framed with a view to obtaining a uniform supply free from matters which would affect injuriously 
both safe and economical working and stability, chemical and physical, of the finished product. 

The proximate ingredients of an explosive mixture are subjected to a searching examination 
before the process of incorporation takes place, and the homogeneous mixture obtained is afterwards 
tested with regard to (1) proximate composition, (2) chemical stability, (3) capacity for retaining 
original physical properties under conditions more adverse than those likely to be encountered during 
storage or shipment, (4) mechanical energy, (5) safety under working conditions, e.g. t sensitiveness 
to shock and friction and liability to ignite mixtures of air and coal-gas, into which sample cartridges 
are fired. 

It is impossible to do more than indicate briefly a few of the more important points connected 
with the first two tests. For full details the larger works must be consulted. 

Proximate Analysis.—Moisture and residual solvent, in the case of nitro-glycerine explosives, 
are determined by Marshall’s modification of L. W. Dupre’s method (L. W. Dupre, Chemiker 
Zeitung , 540, 1901, and Marshall, Joum. Soc. Chem. Ind. , 154, 1904). P. V. Dupre {Analyst, 
1906, 31, 213) estimates water in the volatile matter by passing it through a layer of calcium carbide 
and measuring the acetylene generated. 

Other Constituents.—2 g. of the sample, weighed out into a folded filter paper, are extracted 
with ether (sp. gr. 0.720) in a Soxhlet apparatus. The extract may contain nitro-glycerine, resin, 
camphor, sulphur, mineral jelly, or paraffin. In the case of cordite the nitro-glycerine and mineral 
jelly thus extracted are separated by repeated digestion with aqueous methyl alcohol (80 parts by 
volume of absolute methyl alcohol to 20 parts by volume of water), which leaves the mineral jelly 
undissolved. The contents of the filter paper are now extracted with water, and the residue left on 
evaporating the aqueous solution is examined for ammonium nitrate, potassium chlorate, barium 
nitrate, and soluble combustible substances. In the insoluble residue aluminium is determined by 
dissolving it in hydrochloric acid andprecipitating it from solution as hydrate. Extraction with 
acetone will remove nitro-celluloses. The different kinds of carbon may be distinguished in the 
residue by their behaviour on heating. Wood fibre is recognised by the microscope and by the 
presence of tannin in an extract, due to bark and nut-galls. Sulphur is transformed into sulphate 
by oxidation with nitre and potassium chlorate. 

Nitro-glycerine, before being used as an ingredient of an explosive mixture, is tested with regard 
to (1) percentage of nitrogen, (2) alkalinity, (3) moisture, and (4) stability. A direct method of 
estimating the percentage of nitro-glycerine (usually determined by difference) in an explosive mixture 
is that of Silberrad, Phillips, and Merriman ( /oum. Sot. Chem. Ind 25, 628). 
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Nitro-cellulose is examined for percentage of nitrogen by means of the Lunge nitrometer or by 
the Schultie-Tiemann process (see Marshall’s article, Allen’s “Commercial Organic Analysis, 
4th edition, 19x0, vol. iii.). An important paper on nitrogen estimation is that of Berl and Jurrissen 
(Zeits. Schiess-Sprengstoffwesen , 1910, 4, 61). Nitro-cellulose is also examined as regards solubility 
in ether alcohol, amount of unnitrated fibre, matter insoluble in acetone, ash and inorganic matter, 
degree of alkalinity, presence of sulphuric esters, viscosity of x per cent, solutions in ether alcohol 
or acetone, and stability. 

Picric Add is tested for the presence of resinous and tarry matters, sulphuric acid, hydrochloric 
acid, oxalic acid, and their salts. General impurities and adulterations, e.g., oxalic acid, nitrates, 
picrates, boric acid, alum, sugar, etc., remain insoluble on shaking the sample with ether, and may 
be further examined. The melting point of the pure acid is 122 0 C. Dinitrophenol may be 
estimated by Allen’s process { Journ . Soc. Dyers , etc., 4, 84). Mineral or non-combustible matter 
must not exceed 0.3 per cent, by weight. 

Fulminate of Mercury is white or light grey in colour, should dissolve readily and completei\, 
or almost completely, in ammonia or concentrated hydrochloric acid and in potassium cyanide solution. 
It is examined for metallic mercury, mercurous compounds, and oxalates (see Solonina, Zetts 
Schiess-Sprengstoffiwesen , 1910, 3, 41, and 1910, 4, 67). 

Cap Composition [(CNO) 2 Hg; Sb 2 S 3 ; KC 10 3 ] is analysed according to BrownsdonV method 
{Journ. Soc. Chctn . Ind xxiv., April 1905), or that of Messrs F. W. Jones and F. A. Willcox 
(Chem. News , Dec. 11, 1896). The latter dissolve the fulminate by means of acetone saturated 
with ammonia gas, and afterwards remove the potassium chlorate by extraction with water. 


Stability Tests 


Most of the numerous tests which have been used or suggested are based upon the detection or 
measurement of nitrogen oxides evolved when the explosive is heated. They are classified as (i) 
“Trace Tests,” in which the time required to produce a definite colour upon a sensitive test paper 
suspended over the heated explosive is measured, the temperature being either 160 0 F. or 180° F.; 
(2) “Fume Tests,” carried out at higher temperatures (ioo°-I35 # C-)» in which the time elapsing 
before fumes appear, or before a less sensitive reagent is affected, is measured ; and (3) quantitative 
tests, made at the same temperatures as those attained in “Fume Tests,” in which the amount of 
decomposition products evolved in a given somewhat extended time is determined. No single test 
has been devised yet which can be relied upon to indicate the probable duration of stability, even 
under normal conditions. A committee, appointed by the Home Office, has the whole question 
of the Heat Test under consideration, but has not yet published a report. A bare summary of 
stability tests follows. 


Trace Teste 


r l. Abel Heat Test (Explosives Act, 1875).—The test paper is impregnated 
with potassium iodide and starch. (See paper by Robertson and Smart, 
Journ . Soc. Chent. Ind., Feb. 15, 1910). For detection of mercuric 
chloride or metallic mercury, the presence of which renders the Heat 
Test valueless, see method adopted by F. H. and P. V. Dupre, and 
described in the Annual Report of H.M. Inspectors of Explosive? 
for 1907, p. 17. Hargreaves and Rowe [Journ. Soc. Chem. Ind., 
1907, 26, 813) have worked out a method for the microscopic detection 
of mercury. 

2. Test papers may be impregnated with sine iodide and starch. 

3. Guttmann’s Test [Journ. Soc. Chem. Ind., 16, 1897).—Diphenylamine 

sulphate is the indicator used in this case. The test was claimed to be 
independent of the presence of solvent or of mercuric chloride. 

4. Spica’s Test. —The indicator used is w-phenylcne diamine hydrochloride 

(with cane sugar). 


Fnme Tests 



Vieiile Test 
German 135° Test 


[ See Sy (Journ. Franklin Inst., 1908, 166, pp. 249, 
32X, 433); also Journ. Amer. Chem. Soc., 1903, 25, 
550 . 


Explosion Test- j 


The temperature is noted at which 0.1 g. of the sample explodes on being 
heated at a uniform rate of 5 0 C. per minute from ioo° C. 


Waltham Abbey 
Silvered Vessel 
Test 


} 


See paper by Sir F. L. Nathan, R.A. Also article on “ Modern Explosives 
by Marshall in Allen’s “Commercial Organic Analysis.” 




Quantitative 

Tests 


The Will Test.—See Will (“ Mittheilungen der Centralstelle,” Neu Babelsberg, 
X900, 2), and Robertson (Journ. Soc . Chem. Ind., 1901, 20, 600; Trans. 
Chem. Soc., 1907, 764, and 1909, 1,241. 

Bergmann and Junk Test (Zeits. Angew. Chem., 1904, 982). 

Sy*s test for nitro-cellulose powders (Journ. Amer. Chem . Soc. , 1905, 25. 550). 
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Composition of Some Explosives in Common Use 


Ordinary Dynamite. 


Nitroglycerine 
Kieselguhr - 


AMOIS. 


Nitrate of ammonia 
Chlor-dinitrobenzene 
Wood pulp - 


75 per cent. 
25 


90 per cent. 
5 »» 

5 »» 


Ammonia Nitrate Powder. 

80 per cent. 
5 

10 „ 

• 5 » 


Nitrate of ammonia 
Chlorate of potash 
Nitro-glucose 
Coal tar 


Cel hie. 


Nitro glycerine 

56.0 to 59.0 parts. 

Nitro cotton - 

2.0 ,, 3.5 

n 

KNO f - 

- 17.0 „ 21.0 

11 

Wood meal - 

8.0 „ 90 

f 1 

Ammonium oxalate 

11.0 ,, 13.0 

»» 

Moisture 

0.5 „ 1.5 

»» 


A1 las Powders. 


Sodium nitrate 
Nitro-glycerine 
Wood pulp - 
Magnesium carbonate 


Duai ine. 


Nitro glycerine 
Sawdust 

N itrate of potash - 


2 per cent. 
75 
21 
2 


50 per cent. 

30 >» 

20 „ 


Vulcan Powder. 


Niiro-glycerine 
Nitrate of soda 
Sulphur 
Charcoal 


Nitro-glycerine 
Nitrate of soda 
Charcoal 
Sawdust 


Vigorite. 


30.0 per cent. 
52-5 

7 *o „ 

10.5 „ 


30 per cent. 
60 !• 


Rendrock. 


Nitrate of potash - - - 40 per cent 

Nitro-glycerine 40 ,, 

Wood pulp 13 

Paraffin or pitch - 7 »» 

Hercules Powders. 

Nitro-glycerine - 75*oo to 40.00 per cent. 

Chlorate of potash 1.05 ,, 3 .34 >« 

Sugar - - 1.00 „ 15.66 „ 

Nitrate of potash - 2*10 „ 31.00 » 

Carbonate of mag- 

• 20.85 M xaoo », 


Carbo-Dynamite. 


Nitro-glycerine 

Charcoal 


90 per cent 
10 „ 


Geloxite (Permitted List). 


Nitro-glycerine 
Nitro-cotton * 
Nitrate of potash - 
Ammonium oxalate 
Red ochre - 
Wood meal - 


64 to 54 parts. 

5 >» 4 »* 

22 „ 15 „ 

15 M 12 „ 

I »• o „ 

7 »> 4 » 


The wood meal to contain not more than 15 per cent, 
and not less than 5 per cent, moisture. 


Giant Powder. 


Nitro-glycerine 
Sodium nitrate 
Rosin - 
Sulphur 
Kieselguhr - 


40 per cen* 
40 „ 

6 „ 

t " 

O ti 


Dynamite de Trauzl. 


Nitro-glycerine 
Gun-cotton - 
Charcoal 


75 parts. 

25 

2 „ 


Rhenish Dynamite. 

Solution of N.-G. in naphthalene 
Chalk or barium sulphate 
Kieselguhr - 

Ammonia Dynamite. 

Ammonium nitrate 
Paraffin - 

Charcoal.3 

Nitro-glycerine - - - - 18 


75 per cent 

2 

23 


• 75 Parts. 
- 4 9 $ 


Blasting Gelatine. 


Nitro-glycerine 
Nitro-cotton - 


93 per cent 
- 3 to 7 „ 


Gelatine Dynamite. 


Nitro-glycerine 
Nitro-cotton - 
Wood pulp - 
Potassium nitrate 


71 per cent 

6 


,1 


Gelignite. 


Nitro-glycerine 
Nitro-cotton - 
Wood pulp • 
Potassium nitrate 


60 to 61 per cent 

4 »> 5 »> 

9 » 7 ** 

27 »> 


Forcite. 


Nitro-glycerine 
Nitro-cotton - 
Sulphur 
Tar - 
Sodium nitrate 
Wood pulp - 

(The N. 


*•5 
100 
38.0 
as 

-G., etc., Tories.) 


49*0 per cent 
1*0 
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Tonxtb No. 1. 

Gun-cotton - - - - 52 to 50 parts. 

Barium nitrate - - - 47 „ 40 ,, 

Tonite No. 2. 

Contains charcoal also. 


Tonitk No. 3. 


Gun-cotton - 

- 

- 

18 

to 20 

per cent 

Ba(NO*) t - 

- 

- 

70 

„ 67 

>> 

Dinitro-benzol 

- 

- 

11 

» 31 

•» 

Moisture 

- 

- 

o *5 

.» 1 

*» 


Carbon itb. 



Nitro-glycerine 

Nitro-benzene 




17.76 

1.70 

per cent 

it 

Soda - 




0.42 

>» 

KNO s 

Ba(NO|) a - 




34-22 

M 




9-7* 

>> 

Cellulose 




i -55 

• > 

Cane Sugar - 




34*27 

tl 

Moisture 




0.36 

»• 


99*99 


Roburits. 

Ammonium nitrate - 86 per cent. 

Chlor-dinitro-benzol - - 14 „ 


Faversham Powder. 
Ammonium nitrate - - 85 per cent. 

Dinitro-benzol - - - 10 ,, 

Trench’s flame-extinguishing 

compound ... 5 „ 

Fayieritb No. i. 

Ammonium nitrate - - 88 per cent. 

Dinitro-naphthalene - - 12 „ 

Favierite No. 2. 

No. 1 powder 9 ° P® r cent - 

Ammonium chloride - 10 „ 

BKLLITE. 

Ammonium nitrate 5 P* 1 ^- 

Meta-dinitro-benzol - - - 1 •» 


Petrofractbur. 


Nitro-beneene 10 per cent. 

Chlorate of potash 67 „ 

Nitrate of potash 20 ,, 

Sulphide of antimony 3 »» 


Securite. 

Mixtures of 

Meta-dinitro-benzol - 26 per cent, 

and 

Nitrate of ammonia 74 »* 


Rack-a-Rock. 

Potassium chlorate 79 per cent. 

Mononitro»henaene 21 „ 


OxONITE. 

Ilitric add (sp. gr. 1.5) 

* . * 


54 parts. 
16 


Emmensitr. 

Emm ens’ acid 5 perts. 

Ammonium nitrate - 5 »» 

Picric acid - - - - 6 •» 


Brug£re Powder. 

Ammonium picrate 54 pot cent 

Nitrate of potash • 46 ,, 


Designolle’s Torpedo Powders. 

Potassium picrate - 55 to 50 per cent. 

Nitrate of potash - - 45 ,, 50 


Stowitk. 


Nitro-glycerine 

- 58.0 to 61 parts. 

Nitro-cotton - 

• 4*5 »» 5 »» 

Potassium nitrate - 

-18-0 1, 20 ,f 

Wood meal • 

- 6.0 ,, 7 »» 

Oxalate of ammonia 

-11.0 „ 15 ,, 


The wood meal shall contain not mere than 15 per 
cent, and not less than 5 per cent, by weight of 
moisture. The explosive snail be used only when con¬ 
tained in a non-waterproofed wrapper of parchment.— 
No. 6 detonator. 


Faversham Powder. 

Ammonium nitrate - - 93 to 87 parts. 

Trinitro-toluol - - - zi „ 9 „ 

Moisture 1 ,, 


Kynite. 


Nitro-glycerine 

24.O to 26.0 

parts. 

Wood pulp - 

2-5 >. 3-5 

11 

Starch 

- 32.5 „ 3-5 

>» 

Barium nitrate 

* 3i-5 „ 34-5 

tt 

CaCo s 

0 „ 0.5 

»> 

Moisture 

3-0 „ 6.0 

ti 

Must be put up only in waterproof parchment 
and No. 6 electric detonator used. 

paper, 


Rexitk. 


Nitro-glycerine 
Ammonium nitrate 
Sodium nitrate 
Trinitro-toluol 
Wood meal - 
Moisture 


6.5 to 

8.5 

640 „ 

68.0 

130 „ 

16.0 

6.5 .. 

8.5 

30 

5 -o 

o-S 

1*4 


parts. 

1» 

M 


It 


Most be contained in waterproof case (stout paper), 
waterproofed with resin and ceresin.—No. $ detonator. 


Withnell Powder. 


Ammonium nitrate 
Trinitro-toluol - «- 

Flour (dried at 100* C.) 
Moisture - 


88 to 92 parts. 
4 »» 6 »* 

4 » 6 „ 

o „ 15 


Only to be used when contained in a linen paper 
cartridge, waterproofed with caraaflba wax, paraffin— 
No. f detonator used. 


Phcknix Powder. 


Nitro-glycerine 
Nitro-cotton 
Potassium nitrate 
Wood meal - 
Moisture 


28 to 31 parts, 
o „ 1 „ 
30 »» 34 * »» 
33 »* 37 »* 

2 .. 6 .. 
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Smokeless Powders 


Cordite. 


Schultze. 


Nitroglycerine - 58 per cent. + or - .75 

Nitro-cotton- - 37 „ -for -.65 

Vaseline - - 5 ,, -for-.25 

Cordiir M.D. 

Nitro-glycerine - 30 per cent. + or -1 

Nitro-cotton- - 65 ,, -for-i 

Vaseline - - 5 ,, + or -0.25 

Analysis ofBy W. Macnab and A. E. Leighton. 


E. C. Powder. 


Nitro-cotton - 

79.0 per cent. 

Potassium nitrate - 

4.5 »» 

Barium nitrate 

• 7.5 

Camphor 

4.1 >1 

Wood meal - 

• 3-8 „ 

Volatile matter 

1.1 „ 


Walsrode Powder. 


Nitro-ligrin - 


62.1 per cent. 

Potassium nitrate - 


1.8 

1* 

Barium nitrate 


26.1 

» 

Vaseline 


4*9 

»» 

Starch .... 


3*5 

»» 

Volatile matter 


1.0 

» 

Imperial Schultze. 


Nitro-lignin - 

- 

80.1 per cent. 

Barium nitrate 

- 

10.2 

n 

Vaseline 

- 

7*9 

i> 

Volatile matter 

- 

1.8 

>♦ 

Cannonitr, 



Nitro-cotton - 

- 

86.4 per cent. 

Barium nitrate 

- 

5*7 

»* 

Vaseline 

- 

2.9 

»> 

Lampblack - 

- 

i -3 

11 

Potassium ferrocyanide - 

- 

2.4 

i> 

Volatile matter 

- 

i -3 

tf 


Nitro-cotton .... 98.6 per cent. 

Volatile matter 1.4 „ 


Kynoch’s Smokeless. 


Nitro-cotton - 

- 52.1 per cent. 

Dinitro-toluol 

* 19*5 

Potassium nitrate - 

1.4 „ 

Barium nitrate 

- - 22.2 „ 

Wood meal - 

2*7 

Ash - 

- 0.9 „ 

Volatile matter 

- 1*2 »» 


Amberite. 


Nitro-cotton * 
Potassium nitrate 
Barium nitrate 
Wood meal - 
Vaseline 


71.0 per cent. 


18.6 


1-4 

5-8 


M 

** 


Sporting Ballisi i i e. 


Nitro-glycerine 
Nitro-cotton - 
Volatile matter 


- 37.6 per cent 

- 62.3 „ 

• O.I H 


Cambritb No. 

Nitro-glycei ine 
Nitrate of barium 
Nitrate of potassium 
Wood meal (dried at 100* C.) 

Carbonate of calcium 
Chloride of potassium 
Moisture - 

• Ammonite No. 

Nitrate of ammonium 
Trinitronaphthalene - 
Chloride of sodium • 

Moisture * 

SUPRR-RlPPITE. 

Nitro-glycerine - 
Nitro-cotton 
Nitrate of potassium • • 15.5-13*5 » 


3 . 

24.22 

parts. 

4 - 5-3 

it 

29-26 

it 

35-32 

»# 

1 

tt 

9-7 

11 

6 - 3*5 

»» 

1. 

77-73 

parts. 

6-4 

M 

2 i* 5 -i 9*5 »» 

1-0 

II 

i. 

53-51 

parts. 

4-2 

it 


Borax (dried at 100° C.) - 17.5-15.5 parts. 

Chloride of potassium - 9-7 „ 

Moistuie 8-5 „ 


A. 2. Monobel. 

Nitroglycerine- - - 11-9 parts. 

Nitrate of ammonium - 61-57 >» 

Wood meal (dried at 100® C.) 10-8 „ 

Carbonated)/magnesium • 1.5-0.5 ,, 

Chloride of potassium • 21.5-18.5 „ 

Moisture - - - • 2-0 „ 


Victor Powder. 

Nitro-glycerine- • • 9.5-7.5 part* 

Nitrate of ammonium - 69.5-66.5,, 

Wood meal (dried at ioo e C.) 9-7 „ 

Chloride of potassium • 16-14 

Moisture • 2-0 ,, 
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Statistics or Exports and Imports of Ammunition, High Explosives, etc., 
for the United Kingdom, for the Years 1906 and 1910 


Exports. 



1906. 

1910. 

Material. 





Quantities 

Value. 

Quantities. 

Value. 



Cwt. 

£ 

Cwt. 

£ 

Cordite and other smokeless propellants 

11,894 

172,864 

12,720 

172,399 

Gunpowder. 

High explosives— 

65,241 

176,846 

898,208 

71,788 

176,743 

Dynamite and other high explosives 

Small arms ammunition— 

149,035 

143,931 

726,457 

Military. 

Sporting. 

} 84.575 

413.530 { 

11,454 

61,117 

82,840 

253,009 

Fuzes, tubes, primes, etc. .... 

1,253 

38,866 

1,478 

57,444 


Thousands. 


Thousands. 


Percussion caps. 

Metal cartridge cases other than small arms 

281,064 

22,712 

326,397 

24,864 

ammunition— 

Cwt. 


Cwt. 


Filled. 

10,122 

103,342 

13,281 

134,803 

Empty. 

789 

7,234 

2,094 

1 7,449 

Shot and shell. 

Rockets and other combustibles, explosives, 

22,193 

110,430 

45,959 

163,340 

and ammunition, of natures not named 
above . 

... 

301,820 

... 

407,254 

Total for ammunition 

... 

2.245.852 

... 

2,216,602 

Imports. 

Cordite and other smokeless propellants 

678 

10,824 

59 i 

8,641 

Gunpowder. 

High explosives— 

Dynamite and other high explosives 

4.744 

10,915 

4,932 

io ,934 

31,774 

121,571 

9, n 7 

37,748 

Small arms ammunition— 





Military. 

Sporting. 

} 7.742 

50,002 | 

24 

7,507 

334 

44,562 

Fuses, tubes, primes, etc. .... 

i ,943 

6,772 

2,006 

6,173 


Thousands. 


Thousands. 


Percussion caps. 

Metal cartridge cases other than small arms 

2 4 , 57 I 

2,241 

16,668 

1,96a 

ammunition— 

Cwt. 


Cwt. 


Filled. 

295 

1.538 


... 

Empty. 

354 

1,720 

... 

... 

Shot and shell. 

Rockets and other combustibles, explosives, 

4,225 

21,185 

607 

2,209 

and ammunition, of natures not named 
above . 


61,036 

... 

47,658 

Total for ammunition 

... 

287,804 

... 

260,221 
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List or Principal Explosives used at Mines and Quarries in the 
United Kingdom under the Coal Mines Regulation Act, ihe 
Metalliferous Mines Act, and the Quarries Act, in 1909 


Permitted Explosives. 


Name of Explosive. 

Quantity 

Used. 

gn 

Name of Explosive. 

Quantity Used. 

Percentage 
of Total. 






Lbs. 



Lbs. 


Brought forward 

8,a 55.446 

97.0 

Bobbinite 

1 . 1 * 8.459 

13.2 

Celtite - 



38.639 

0.5 

Arkite ... 

750 . 7*8 

8.8 

Amvis - 



34.564 

O.4 

Monobel 

739.282 

8.7 

Geloxite 



30.527 

O.4 

Ammonite - 

554 » 37 i 

6.5 

t Steelite 



29,840 

0.3 

Samsonite 

506.99* 

6.0 

Tutol - 



16,668 

0.2 

Saxonite 

504,146 

5*9 

Fracturite - 



16,382 

0.2 

Rippite - 
Roburite 

485.058 

5*7 

Normanite - 



*5. *78 

0.2 

478,823 

5-6 

Dominite 



* 3.754 

O 2 

Westfalite 

444,770 

5.2 

Minite - 



9,576 

0.1 

Bellite - 

443 . *8* 

5-2 

Cambrite 



9.435 

0.1 

Carbonite 

43^.721 

5 -i 

Aphosite 



7,600 

0.1 

Stowite 

258,822 

3 -o 

Swalite 



7.505 

0.1 

Faversham powder 

227,564 

2.7 

Dragonite * 


6,050] 


# Ammonal - 

214.543 

2*5 

Amasite 


4,000 



Albionite 

202,769 

2.4 

Kynite- 


3.979 



Excellite 

176,235 

2.X 

Nobel ammonia powder 

1,900 



Rexite - 

167,164 

2.0 

Ripping ammonal 
Odite - 
Dahmenite - 


445 



Abbcite 

Permonite 

120,106 

119,992 

1-4 

1.4 


396 

122 

,17,1*8 

0.2 

Cornish powder - 

99,079 

1.2 

Electronite - 


100 



Negro powder 

St Helens powder - 

62,566 

0.7 

Phoenix powder - 


50 



60,552 

0.7 

! Britonite 

. 

40 



Oaklite - 

45.699 

O.5 

Withnell powder - 


20 



Kolax - 

42,835 

0.5 

EJaylite 


16, 



Carried forward - 

8 , 255.446 

97.0 

Total - 

- 

8,502,232 

100.0 


* This includes the non-permitted ammonaL 
t Includes colliery steelite and non>permitted steelite. 


All Explosives. 



45 
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The manufacture ot photographic chemicals is a modern industry of great and 
rapidly growing importance. 

We can only give m this place an account of the more important substances 
especially manufactured for photographic purposes. Chemicals which are widely 
employed in other industries—such as sodium thiosulphate, salts of gold, silver, 
platinum, etc.—cannot be discussed here, since an account of these technically 
important salts will be given in the second volume of this work. 


Statistics.—The United States imported in 1910—Moving picture films, 12,830,000 lin. ft, of 
value f77l,ooo. Photographic plates and other films, value 9416,000. Photographic paper, value 
9762,000. 


The American export of photographic goods is shown by the following figures 


1906 

$256,000 


1907 

1908 

1909 

$1,090,000 

$2,840,000 

14,185,000 


1910 

$4,765,000 


The United Kingdom in 1913 exported £1,065,700 of photographic materials. The import in 
1913 was <£2,372,000. The value of the photographic materials (plates, paper, and films), produced 
in Great Britain in 1907 was £909,000. 

Although exact statistics are at present unobtainable, the magnitude of the industry of photo¬ 
graphic chemicals may be gauged by the fact that one factory in England alone orders its potassium 
bromide in 30-ton lots, ana that one company is the largest user of silver except a Government 
mint! The production of the biggest English photographic paper factories runs to miles, and of 
plates to acres per day. Many thousands of workers are employed in the industry. 


CHEMICALS EMPLOYED IN THE MANUFACTURE OF 
PHOTOGRAPHIC PLATES AND FILMS 

Dry Plates.—The ordinary dry plate is a specially selected best quality thin glass sheet, 
covered with an extremely light-sensitive layer of silver bromide particles suspended in gelatine. 
The glass, cleaned by automatic machinery by brushing and spraying with soda and water, is 
coated with a substratum consisting of a weak solution of gelatine containing chrome alum, which 
causes the emulsion to adhere to the glass and prevents “frilling,” then dried by hot air and 
coated with the sensitive emulsion by a special machine, dried iiva special room, cut to the proper 
sise by machinery, examined for defects by red light, and packed. 

The Emulsion is made by adding a 20 per cent, solution of silver nitrate to a potassium bromide 
solution containing gelatine, A more concentrated solution will produce “ pepper t ” which reveals 
itself as a countless number of fine black particles of silver which are more or less evenly distributed 
throughout the emulsion when coated. Negative emulsions usually have a small percentage of K 1 
added to the gelatine, while diapositive and “gaslight” paper emulsions^ consist chiefly of silver 
chloride with a very little bromide. After mixing, the emulsion is “ ripened ” by keeping at 
<* high temperature for some time, or by digesting at a lower temperature with ammonia, then 
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it is cooled by ice until it sets to a jelly, forced by hydraulic pressure through small holes in a 
metal plate, and the threads thus produced washed free from the KN 0 8 (formed thus: AgNO s + 
KBr= KNOj +AgBr). When the emulsion has been prepared by the ammonium nitrate method 
it is very important to free the shreds from ammonia. According to Dr A. B. Hitch in, the nature 
of metals used for the forcing plate are of the utmost importance, any metals other than silver or 
pure nickel producing a fog in the emulsion. The system of forcing the emulsion by pressure 
through the plate is now being replaced by the use of a large machine on the principle of a meat 
chopper, the whole being made of pure cast nickel. The “fastness” of the plate depends upon 
the size of the grains of AgBr—the larger the grain the faster the plate. 

Collodion Wool is simply nitrated cotton, the manufacture of which is 
described on pp. 207, 624. 

Collodion is its solution in a mixture of alcohol and ether, usually containing 
5 per cent of wool. 

The solvent rapidly evaporates in the air, leaving a skin. It is used for making 
light-sensitive surfaces in the wet plate process, in the manufacture of silver bromide 
collodion emulsions, and for making light filters. 

Celluloid is used for the manufacture of films, cinematographic pictures, etc., 
also as a protective covering for pictures, being for the latter purpose coated with 
an adhesive. For the manufacture of celluloid see p. 208. 

Cellite, or Cellulose Acetate, is used for the same purposes as celluloid; 
although dearer it has the great advantage over celluloid that it is practically 
non-inflammable. For its manufacture see pp. 216, 210. 

Gelatine is largely used for the manufacture of dry plates, and for making 
light-sensitive emulsions of silver halides. For the manufacture and properties of 
gelatine see p. 595. 

The ordinary dry plate is covered with an extremely light-sensitive layer of silver bromide particles 
suspended in gelatine. The gelatine on the plate may be hardened after development by soaking 
in a solution of formalin or of alum. 


Albumen and Casein used in the manufacture of photographic papers. For 
manufacture and properties of albumen see p. 597, and for casein, p. 79. 


DYES USED IN THE PREPARATION OF PHOTOGRAPHIC 

PLATES AND FILMS 

Silver halides are most sensitive to blue and violet light rays, and least sensitive 
to red rays. Various dyes are used to render silver halides treated with them more 
sensitive to red, yellow, and green rays, so that the true colours are better reproduced 
in the resulting picture than would otherwise be possible. 

The dye may be added to the sensitive emulsion either before pouring it on to the plate, or it is 
applied to the dry plate after manufacture by immersing it in a dilute solution of the aye and then 
allowing the plate to dry. For example, in the case of cyanin dyes a solution containing 1 part 
dye : 1,000 water is used, and 2-4 c.c. of this solution is added to 100 c.c. of a mixture of 40 c.c. alcohol 
+ 60 c.c. water. The plates are bathed in the solution for two to three minutes and then dried at i 8°-24° 
for ten minutes—the whole operation being carried out in the dark. Plates which have been thus 
rendered almost equally sensitive to all the rays of the spectrum are termed “ panchromatic,” 
while those which are especially sensitised for green and yellow—very important for landscape 
pictures—are the so-called “ orthochromatic ” plates. 

When ortho plates are bathed in pinacyanol, the plate is hypersensitised, and exposure 
necessary reduced to one-fourth its original amount. The plate is immersed for ten minutes in the 
bath, which consists of 1 milligram of pinacyanol in 1 c.c. alcohol +1 ,ooo c.c. H a O+2 drops NH*. 

JLumi&re’s autochrome plates give very beautiful results. The plates are prepared with a sensi¬ 
tive gelatine film and a multicolour light filter composed of blue, green, and red starch grains (see 
German Patents, 172,851 and 182,099), only one copy being at present attainable. 

The screen of the Paget colour plate is prepared by giving it a preliminary coating all over 
with a collodion film dyed red. This is then coated with a resist in such a way that two-thirds of 
tiie total area is unprotected, and this is bleached out and dyed green. So that at this stage the 
plate is covered with a series of red and green lines, the latter being twice the width of tha 
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former. A resist is again applied* but with its lines at right angles to those of the first, and the 
unprotected portions are bleached and dyed blue. The result is a very transparent and uniform 
screen firmly attached to the glass. Omnicolore and Dufay plates are well-known colour plates. 

The following are the most important dyes used as sensitisers :— 

The Phthaleins. —Of these erythrosin and eosin are widely used for 
rendering silver bromide sensitive to yellow and green rays, and consequently for 
the manufacture of “ Ortho-chromatic ” plates. 

Monobromfluorescein is used as a green sensitiser for silver bromide. 

Among the Rosaniline dyes we may mention that Ethyl violet and Formyl violet are used as 
red sensitisers of silver bromide collodion emulsions. Akridin dyes are used to some extent as 
sensitisers for green and blue. 

Among the Azo dyes used as sensitisers we may mention : Benzonitrol brown (By), Dianil 
black R (M., L., & Br.), Glycin red (By), Pluto black (By), Wool black 4B (Agfa). The dyes 
known as Alizarin blue bisulphite and Nigrosin D are used to some extent as red sensitisers. 


Quinoline Dyes 

Are now very important sensitisers (see p. 479). Among them we must mention :— 

a. Cyanines 

Cyanin (Lepidinquinolineamylcyaniniodide), a blue dye, quite useless for 
textile purposes on account of its fugitiveness, but used as a sensitiser for silver 
bromide plates where a panchromatic effect is desired. It renders silver bromide 
sensitive to red, orange, and yellow rays, with a minimum of sensitiveness between 
E and F. Its defects are a tendency to fog and speck the plate, accompanied with 
a diminution in its light-sensitiveness. As a red sensitiser it has been displaced 
by isocyanines, but it is still used for wet plates and for special kinds of work. 
Vogel uses a mixture of this dye with quinoline red under the name “ Azalin ” for 
sensitising dry plates for green and yellow. 

Etbylcyanin (Lepidinquinolincthylcyaninbromide), being more soluble than cyanin, has been 
proposed as a substitute. 

Dicyanin (prepared by action of KOH -f atmospheric O on a-7-Dimethylquinolinium salts) 
sensitises silver bromide gelatine plates up to the red line a , with a strong minimal effect between 
E and F. Used as a red sensitiser for scientific work, but the prepared plates are not very 
sensitive. 


b. Isocyanines 

Of these dyes the most important are :— 

Ethyl red, or quinaldinquinolinethylcyanin iodide, which forms green crystals 
soluble in water and alcohol, with a violet-red colour. In dilute solution (1:50,000) 
it sensitises silver bromide gelatine plates almost uniformly from the red (C) to the 
violet, with only a small minimum in the green. It does not sensitise far into 
the red. 

Preparations of isocyanines and similar dyes, which are sensitive further in the red, have 
been put on the market by Meister, Lucius, & Briining in Hochst-a.-M., under the names 
Orthochrom T (which is /-Toluqumaldin-/-Toluquinolinethylcyaninbromide), Pinachroxn 
(which is /-Ethoxyquinaldin-/-methoxyquinolineethylcyaninebromide), and Pin&cy&nol (which 
is obtained by treating quinaldinium salts with formaldehyde, followed by alkali), the latter 
sensitising in the red up to the B line. Pinaverdol, produced by the same firm, is a green 
sensitiser for silver bromide collodion emulsions, and consists of /-Toluquinaldinquinoliniummethyl* 
cyaninbromide. 

Fr. Bayer in Elberfeld also places several sensitisers on the market. Among 
these we may mention:— 

“ Perikol,” prepared by treating with alcoholic KOH the addition product 
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obtained from Toluquinaldin and the ethyl ester of Toluene sulphonic acid, 
sensitises plates to a maximum between A -590 and A-560 /ip. “Isokol" is 
a similar preparation. “Homokol” is a mixture of quinoline red with an 
isocyanine dye. 

Some of Fr. Bayer’s more interesting patents are German Patents, 158,078, 170,048, and 
170,049, where the process of manufacture of a number of sensitising dyes are described by acting 
with alkalis on the addition products of dialkylsulphates with quinaldin and its homologues. The 
new colouring matters are stated not to fog or neck plates. 

Dyes used for Colour Filters and Similar Purposes 

Coloured screens or filters are an absolute necessity in many photographic 
processes, and a very large number of coal-tar colours are used for the manufacture 
of these colour filters, which may consist of collodion, gelatine, or aqueous fluids 
coloured with special dyes which only allow special wave lengths to pass, or which 
greatly diminish the intensity of the actinic rays. 

The screens most widely used consist of glass plates covered with gelatine 
coloured with a suitable dye. 

For developing ordinaiy dry plates in the dark room the filters used consist 
of red dyes, and for bromide, yellow dyes. For very fast plates both yellow and 
red filters are used. For panchromatic and colour-screen plates a faint green light 
is used. 

Auramine O is very suitable, as it absorbs blue and violet, allowing red, green, 
and yellow rays to pass. 

Tartrazin and Fast Red D (M., L., & Br.) are good red filters, so also is 
Chrysosulphite (Lumi&re), which is a mixture of magnesium picrate and sodium 
sulphite. • 

Coxin is also a very suitable red filter. 

The dyes used for colouring gelatine must be water soluble and free from other adjuncts such as 
dextrin, Glauber’s salt, etc. etc., otherwise the gelatine will not dry clear. The following dyes (among 
others) are used for colouring the gelatine:— 

Auramine, Brilliant green, Crystal violet, Fuchsin, Methylene blue, 
Phenosafranin, Rhodamin (these also can be used for colouring collodion), 
also Acid green, Congo red, Naphthol green, Naphthalene green, Filter 
yellow, Rapid Filter red, Rapid Filter yellow (Meister, Lucius, & Bruning), 
Patent blue, Tartrazin. 

LIGHT FILTERS 

The following light filters are recommended by Meister , Lucius , dr* Eriimng t 
the filters produced being toned for orthochromatic and panchromatic plates:— 

Light Filters for the Three-Colour Process 

Red Filter.—2.5 g. filter red I. are dissolved in 100 c.c. warm water. 100 c.c. of 8 per cent 
gelatine solution are mixed with 4 c.c. of the colour solution and the whole filtered, and 7 c.c. of the 
gelatine used for every 100 c.c. 

Blue Filter.—4 g. crystal violet are dissolved in zoo c.c. warm water and 5*6 drops of acetic 
acid are added $ then 6 c.c. of coloured solution are added to 100 c.c. of 8 per cent gelatine solution* 
and the whole is filtered. 

Green Filter.—2.5 g. tartrarine 4 - 6 g. patent blue + 4 g. naphthol green dissolved la 400 c.c. 
water; 5 c.c. of colour solution are then added to too c.c. of 8 per cent, gelatine solution and the 
whole filtered. 

Time of exposure with orthochromatic plates is blue: green : red :: x : 3 a 6. 
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Light Filters for the Additive Three-Colour Prints 

Red Filter.—4 g. tartrazine 4* 7.5 g. filter red II. in 150 c.c. water. Add 7-8 c.c. of this solution 
to 100 c.c. of 8 per cent gelatine solution and filter. 

Blue Filter. — 3 g. crystal violet + 1 g. methylene blue (free from ZnClg) + 100 c.c. warm water 
4* 6 drops acetic acid. Add 7-8 c.c. of this coloured solution to 100 c.c. 8 per cent, gelatine solution 
and filter. 

Green Filter.—6 g. tartrazine 4 * 1 g. patent blue 4 2 g. naphthol green + 180 c.c. water. 
8-9 c.c. of coloured solution is used for 100 c.c. of 8 per cent, gelatine solution. 

Times of exposure for orthochromatic plates are blue : green : red si : 5 : 8 ; for panchromatic 
plates 1:4:3* 

To make the dry filters 7 c.c. of the coloured gelatines made as above described 
are poured over every 100 sq. cm. of plate surface and allowed to set; then two 
coloured plates are taken together and fixed with Canada balsam. 

In the three-colour photographic process such dyes as Aurophenin or 
Naphthol yellow S, Erythrosin, Diamine pure blue or Fast bluish 
green are used to colour the partial pictures. 

FLASHLIGHTS 

Powdered magnesium was introduced as a flashlight in 1887. Since then many 
other flashlights have been introduced—usually by mixing the magnesium with an 
oxygen-rich substance. Many of^ these preparations are very explosive, and must 
not be blown into a flame. We may notice the following recipes:— 

1. 2 parts Mg powder 4 3 parts powdered potassium permanganate. 

2. 15 parts Mg powder + 30 parts KCIO3 + 5 parts antimony sulphide, finely 
powdered and mixed dry. Explosive, so must not use a mortar. 

3. Smokeless flashlight mixtures giving an intense light consist of magnesium 
or aluminium powder 4- nitrates of rare earths (thorium, zirconium). See 
German Patent, 158,215 ; see also English Patent, 27,267 (1904), where rare earths 
are added to Mg or A 1 flashlights. Fr. Bayer & Co. (German Patent, 136,313) 
place a number of excellent flashlights on the market; they appear to consist of 
Mg 4 * manganese peroxide, to which are added bodies like Sr(N 0 8 ) 2 , which yield a 
coloured flame. See also English Patent, 27,466, 1904. Such mixtures are 
termed ortho- or panchromatic flashlights, since they give out orange rays in 
addition to the blue or violet rays emitted by the ordinary mixture. Other pro¬ 
posed mixtures are: of Mg powder 4* silica 4 * boric acid (German Patent, 101,528); 
A 1 powder 4- KC 10 8 (German Patent, 101,735); Mg powder 4 - red phosphorus 
4 - peroxides. Very powerful photo effects are obtained by adding cadmium nitrate 
in quantity equal to magnesium powder. Zinc nitrate also is used. 

Time Lights do not flash, but bum slowly, an effect attained by adding to magnesium (some¬ 
times mixed with aluminium) powder bodies such as carbonates, silicates, or oxides of the alkaline 
earths—SrCO f . Bayer (German Patent, 165,259) proposes Mg or A 1 powder+Na a W 0 4 , 
or W 0 9 , as a smokeless time light. Novak proposes Mg powder + cerium nitrate 4 SrCO* as a 
smokeless time light. 

Kreb’s panchromatic time lights give out coloured rays, thus enabling the taking of photo¬ 
graphs of objects by colour sensitive plates without the use of a yellow light filter. Electric 
metallic filament lamps are also used now. 

DEVELOPERS * 

We can give here only a brief mention of some of the more important reducing 
substances used in the manufacture of developers. 

Iron Oxalate is one of the oldest developers, and is still used to some 
extent—usually in the form of two solutions, I. and II., I. consisting of 300 g. 
neutralised potassium oxalate in 1,000 c.c. of water, and II. of ferrous sulphate 
solution (100 g. FeS 0 4 4 - 300 c.c. water 4 * 5 drops concentrated H 2 S 0 4 ). For use, 
3*4 parts of L are used with z of II. 
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Developers derived from Monohydric Phenols 

OH 

Paramidophenol, C 4 H 4 / (1:4), produced by reducing/-nitrophenol with 

\NH 2 

tin + HC 1 . Colourless crystals, M.P. 184°; forms a crystalline hydrochloride, 
OH. C # H 4 . NH„. HC 1 . 

“ Rodinal” contains ^-amidophenolhydrochloride. “ Unal ” is rodinal in a solid form. 


Monomethylparamidophenol. C 8 H 4 (OH)(NHCH 8 ), 1:4, is prepared by 
methylating /-amidophenol. 

It is an excellent developer, giving results free from stain. It is known as “scalol." Two 
solutions are used : (A) “ Scalol,” 1.5 g. + hydro-quinone, 3g. + sod. sulphite (crystals), 28 g. + KBr, 
0.25 g. + H a O, 284 c.c.; (B) Na 3 C0 3 (crystals), 30 g. + H a O, 300 c.c. Use equal parts of 
A and B. 

“ Metol ” is the sulphate of this body. The developer “ Satrapol ” also contains it. Metol works 
exceedingly rapidly. Stock solution : 15 g. metol+150 g. cryst. sod. sulphite + 75 g. K2CO3 + 2 g. 
KBr+1,000 c.c. H ? 0 . 

* * Metolhydroquinone ” developer, now widely used, consists of the two solutions : (A) 2 g. metol + 
3.5 g. hydroquinone + 4 g. Na2lIP0 4 + 40o c.c. H a O + 2 c.c. sodium sulphite solution (I : 100). 
(B) 40 g. K 2 CO 3 + 400 c.c. H a O. For use mix equal parts of A and B. 


Diamidophenol, C,,H g (OH)(NHg)(NH,), 1:2:4, is prepared by reducing 
with Sn + HC 1 1:2:4-dinitrophenol; forms salts with HC 1 and H 2 S 0 4 . 

“Amidol” consists of 20 g. diamidophenol sulphate or chloride+ 200 g. cryst. sod. sulphite 
+ 1,000 c.c. H a O. Solution will not keep. Best developer for bromides and gaslight papers. 
Valenta proposes acetonesulphite + diamidophenol hydrochloride as a powerful developer. 


/-Amido-saligenin, C 6 H 8 (CH 2 OH)(OH)^NH 2 ), 1:2:3, in the form of its 
hydrochloride, occurs as an easily soluble white powder, similar in properties to 
amidol, but having the advantage of allowing very concentrated solutions being 
formed. 

“Edinol” (made by Fr. Bayer, Elberfeld) consists of 5 g. /-amido-saligenin + 7.5 g. acetone 
sulphite+ 30 g. KOH + 0.5 g. KBr+100 c.c. H a O. Edinol-hydroquinone developer consists of 
2 g. /-amido-saligenin +1 g. hydroquinone + 5 g. acetone sulphite+30 g. cryst. sod. sulphite + 30 g. 
KgCOj+1 5 ° c.c. H a O. 


Diamido-oxydiphenyl, in the form of its sodium salt, is used in a manner 
yONa(i) similar to ‘‘Rodinal.” Placed on the market under the 
<W nh ^ name “Diphenal” by Cassella & Co. 

c«h 4 .nii 2 


/-Oxyphenylglycocoll, C*H,( 0 HXNH.CH 2 .C 0 2 H), 1: 4, is manufactured by 
heating ^-amidophenol, C fl H 4 (OH)(NH 2 ), with monochloracetic acid, CH £ Cl.COOH, 
in aqueous solution. 


Used as a developer, it gives pure black tones and keeps well It is placed on the market at 
“Glyein.” Stock solutions are: 5 g« glycin + 25 g. cryst. sod. sulphite+100 c.c. H a O + 2$ g. 
K^CO, Another good keeping solution is 2 g. glycine+800 c.c. H a O (recently boiled)+2 g. 
cryst. sod. sulphite + 15 g. K*COj. It is used chiefly for stand development because it does not 
produce chemical fog by long action. 
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Methylorthoamidophenol, C 4 H 4 (OH)(NHCH 3 ), 1:2, 2 molecules of 
which, combined with i molecule of hydroquinone, forms the basis of the 
excellent developer 44 Ortol.” 

Two naphthalene compounds are used as developers:— 

Sodium a r amido-/? r naphthol-^3-sulphonate, C J0 H 6 (OH)(NH 2 )(SO 8 Na), a 
good developer if used at 20° C. or a little below. It forms the basis of Eikonogen 
One of the best developers for plates which have received very short exposure. 

Hydroquinone-eikonogen developer consists of two solutions, A and B: (A) 100 g. ciyst. sod. 
sulphite+16 g. eikonogen+4 g. hydroquinone + 900 c.c. boiling water; (B) 40 g. K a CO s 4 - 
aoo c.c. H a 0 . For use, 40 c.c. of A are added to 180 c.c. B, together with 3 drops 10 per cent. 
KBr solution. 

Sodium amidonaphtholdisulphonate, C 10 H 4 (NH 2 )(OH)(SO 8 Na) 2 , which 
forms the basis of the developer “ Diogen.” 


Developers derived from Dihydric Phenols 

Hydroquinone, CqH 4 (OH) 2 , 1:4, is a developer much used by amateurs, 
giving strong hard negatives of a bluish black tone. 

The best preparation occurs as yellowish crystals, and is obtained by recrystallising the commercial 
product in the presence of SO a . The stock solution consists of 5 g. hydroquinone+40 g. cryst. 
sod. sulphite + 6.5 g. KOH+150 c.c. H 2 0 . It is frequently combined with other developers. 
See Edinol, Eikonogen, Metol. 

Monochlor and Monobromhydroquinones, C 6 H s C 1 (OH) 2 and 
C 6 H 8 Br(OH) 2 , are now used as developers under the name “Adurol” (see 
German Patent, 111,798). 

Monochlorhydroquinone is obtained by leading Cl gas through hydroquinone dissolved in 
benzol, while the bromo derivative is obtained by adding a solution of Br in benzol to a hydroquinone 
benzol solution, evaporating the benzol and crystallising from ligroin. 

“Adurol” developer consists of the stock solutions: (A) 10 g. adurol + 80 g. 
cryst. sod. sulphite+ 500 c.c H 2 0 ; (B) 60 g. K 2 C0 8 +5oo c.c. H 2 0 . One part 
A, one part B, and one part H a O are taken to develop. Adurol comes between 
hydroquinone and the “ rapid developers ” (metol, rodinal, etc.) in properties. It 
does not turn brown by oxidisation in air, and so may be repeatedly used. 

Pyrocatechol, C 6 H 4 (OH) 2 , 1 :2, has been proposed as a developer, and under 
the name “ Kachin ” has been placed on the market. 

Resorcin, C fl H 4 (OH) 2 , 1 : 3, is of no use as a developer. Two anudo 
derivatives of it, however, are used for this purpose, namely, Diamidoresorcin, 
(4:6) (1:3) 

C e H y (NH 2 ) 2 (OH) 2 , and Triamidoresorcin, C 8 H(NH 2 ) 8 (OH) 2 (“ Reducin ”). 


Developers derived from Trihydric Phenols 

Pyrogallol, C 8 H 8 (OH) 8 (1:2:3), is the basis of most of these* Pyrogallol 
developers work rapidly, but have the drawback that they stain the fingers, are 
poisonous, and do not keep well. 

Pyroaoda Developer. —Stock solutions: (A) 10 g. pot metabisulphite+83 g. pyrogallol +13 g. 
KBr 4 - water up to 1,000 c*c.; (B) 100 g. NagSOg + 100 g. Na^COg + H 9 0 up to 1,000 c.c. For 
use mix 1 part A with t part B and 1 part H a 0 . 
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Pyropotash Developer.— Stock solutions: (A) 25 g. cryst. Na 9 SO«'f iooc.c. H t O+iog.pyro« 
gallol + 3.4 drops HaS 0 4 ; (B) 45 g. KflCO a +12.5 g. NajSO, in xoo H a O. Use 3 c.c. A and 3 c.c. B 
with 100 c.c. H* 0 . 

PyrometoL—Stock solutions: (A) 5 g. metol + 14 g. pot. metabisulphite+6 g. pyrogallol + 
2 g. KBr+HflO up to 1,000 c.c.; (B)^oo g. NaaCO,+1,000 c.c. H # 0 . Use equal quantities 
of A and B. Gives a good printing yellow negative. 

“ Pinakol P” is an excellent developer made by replacing in the pyropotash 
developer the alkali by half the equivalent amount of sodium amidoacetate, 
CH 2 NH 2 .COONa. Developing with “ Pinakol P ” gives stronger, clearer, and more 
rapid results than the old pyro developers; moreover, it does not stain the fingers. 

Pinakol Salt N is a 20 per cent, solution sodium amidoacetate, CHoNHo.COONa. It is used 
for replacing alkali in organic developers since it does not affect the skm of the operator and the 
gelatine film in the unpleasant way that alkali does ; moreover the results attained are superior to 
those of soda and potash. 

Acetone bisulphite, acetone-sulphite “ Bayer,” is now largely used as a substitute for sodium 
or potassium bisulphite in developers. It is antiseptic, a restrainer for rapid developers, a clearing 
agent for fixing baths and developing papers, and is used also for darkening the negative after the 
use of mercury intensifiers. 


FIXING, TONING, AND COMBINED BATHS 

Sodium Thiosulphate, 5 H 2 0, is now practically the only fixing salt 

used. The fixing occurs according to the equation 

2AgBr + Na 2 S 2 0 8 - Ag 2 S 2 O s + 2NaBr; 

the Ag 2 S 2 0 $ then combines with the excess of Na«S 2 O s to form the soluble 
double salt Ag^O^NagSgO*. 

The thiosulphate may be used in neutral solution (1:4 H s O) but is best used in 
acid bisulphite fixing solution, and sometimes alum is added (to harden the gelatine). 

The following are well-known gold toning baths:— 

Ordinary Toniiyr Bath.—(A) 4 g. borax in 1,000 c.c. HgO; (B)4.Sg. anhydrous sodium acetate 
in 1,000 c.c. H a O ; (C) I g. gold chloride in 50 c.c. H a O. Use 8-10 c.c. of C4-100c.c. A +100 c.c. B. 

Neutral Toning and Fixing Bath.—250 g. sodium thiosulphate+20 g. lead acetate+xo g. 
calcium chloride+0.4 g. gold chloride +1,000 c.c. H 8 0 . 

Add Toning and Fixing Bath.—250 g. sodium thiosulphate + 25 g, ammonium sulphocyanide 
f log. lead acetate+5 g. citric acid+ 0.4 g. gold chloride + 1,000 c.c. H a O. 

Platinum toning baths are also used, the basis being PtCl 4 or PtCL, which reacts with Ag salts 
thus: 4Ag + PtCl 4 =4AgCl + Pt 

Palladium Chloride, used as a toning bath for silver pictures, gives beautiful brown tones. 


Sodium Thiosulphate Destroyers.— A lengthy washing is required to 
remove the last traces of sodium thiosulphate, and the durability of the print hugely 
depends on its complete removal. Consequently attempts have been to find 
substances which rapidly destroy the last traces of thiosulphate. The best known 
substances are Anthion »potassium persulphate, Thioxydant Lumifere"* am¬ 
monium persulphate. More recently percarbonates, perborates, and nerman* 
ganates have been suggested. 

Buyer’s “Hypo-destroyer” » persulphate+percarbonate. “Antihypo” is potassium percar- 
bonate. 10 g. are dissolved in 1,000 c.c. H g O and the plates and paper, after rinsing, are immersed 
for a few minutes after which only a short rinsing Is necessary, A great time -saving is 
effected. 
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REDUCERS AND INTENSIFIERS 

Reducers are chemicals which act by dissolving the fine silver particles. A 
large number of such substances are known, being oxygen-rich substances such as 
chromic acid, mercuric nitrate, ferric-, manganic-, ceric-, and titanic-salts, per- 
sulphates, etc. 

Farmer’s reducer® ioo c.c. sodium thiosulphate solution 1:4 + 8 c.c. of a 
10 per cent, potassium ferricyanide solution. This destroys the fine middle tones, 
and so increases the contrasts. Ammonium persulphate reducers diminish 
the contrasts by acting on the darker parts of the plate. Cerium sulphate makes 
a very uniform reducer. 

Intensifiers are used to increase the density of thin negatives, and bring out 
the contrasts better. The mercury intensifying process consists in treating 
the negative with a solution containing 2 per cent mercuric chloride + 2 per cent. 
KBr. When the negative is grey it is removed, rinsed, and immersed in a 12 per 
cent, solution of sodium sulphite, when the negative becomes black again: 
2Ag + 2HgCl 2 « 2HgAgCl 2 , then 

4AgHgCl 2 + 7 NajS 0 8 + xNajSO* « Ag 2 + Hg + Ag 2 SO g .xNa 2 SO, 

+ 3HgNa 2 (S0 8 ) 2 + 8NaCl. 

The uranium intensifying process requires two solutions: (A) 1 g. utanium 
nitrate+100 c.c. H 2 0 ; (B) 1 g. potassium ferricyanide +100 c.c. H 2 0 . For use, 
50 c.c. A + 1 1 c.c. acetic acid + 50 c.c. of B are mixed. Other intensifying solutions 
used are: CuS 0 4 + pot. ferricyanide + pot citrate, and Hgl 2 + Na 2 SO s . Intensifiers 
containing bichromate are also used. 


PHOTOGRAPHIC PAPERS 

An enormous number of these exist: we may class them into— 

1. Printing-OUt Papers. — The p.o.p. papers are still made (although 
developing papers are said to be rapidly supplanting them) and usually employ 
silver chloride as the sensitive substance. Four well-defined groups of papers 
are' manufactured: (a) Albumen papers in which the ground is albumen and 
the sensitive substance silver chloride. (£) Silver chloride gelatine paper; 
here the ground is gelatine and the sensitive substance silver chloride, (c) Silver 
chloride collodion papers, (d) Silver chloride casein papers give good 
results and resist high temperatures. Direct printing platinum papers are also on 
the market. 

On exposure to light the chloride is converted to a “ photo-chloride,” Ag 2 Cl, 01 a purple or 
reddish colour, and stated to be an adsorption compound of silver chloride and silver, of variable 
composition. After the paper has been printed the colour of the deposit is modified by immersion 
in a hath containing a gold or platinum salt, associated with a weak reducer, so that metallic gold 
or platinum is precipitated (‘‘Toning”). The nnused silver chloride, AgCl, is then dissolved out 
by thiosulphate (“ Fixing”), which only slightly attacks the photo-chloride. 

2. Developing Papers. —These may also be grouped into five classes, 
namely: (a) Silver bromide papers consisting of an emulsion of silver bromide 
+gelatine; used for printing and enlargements; very sensitive and must be worked 
in a dark room. (£) Silver chlojrobromide papers can be used for printing m 
ordinary shaded daylight or by gaslight (c) Silver phosphate papers may be 
printed in weak daylight or by gaslight When developed they give p.o.p. effects. 
(d) Platinum developing papers give excellent results, (e) Pigment papers 
are covered with chromgelatine, which under the influence of light becomes in 
soluble in hot water. As any pigment can be mixed with the gelatine very beautiful 
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coloured results are obtainable. In the bromoil process the bleached bromide print 
is worked up with special inks. 

The chief difference between emulsions for development papers and those for plates is that 
paper emulsions are of a much lower sensitiveness (finer grain), and contain a larger proportion of 
silver to gelatine, the coating being thin so as to keep the image on the surface of the paper. The 
colour of the image obtained depends upon the size of the grain, and developers can be used by 
which the silver is deposited in a very finely divided state, almost approaching to colloidal solution. 
By the admixture of such fine grain silver with larger grains, various tones can be obtained upon 
development. The papers, which are sometimes faced with BaSCh, are manufactured by passing 
through a trough containing the emulsion. The paper is not actually dipped under the surface of 
the emulsion in the coating trough, but *he paper is carried around a roll under tension, and the 
emulsion is beaded on to the paper. In other words, the paper lightly touches the surface of the 
emulsion in the trough, the beading being a capillary action; then over a cold roller to set the 
gelatine, then hung up in loops in a long drying chamber, through which it slowly travels, 
emerging dry after about two and a half hours. It is then roiled direct and cut. Surface«coated 
papers without gelatine, such as platinum papers, are dried almost instantly on a short machine 
by hot air, and do not require the elaborate hanging and slow drying arrangements used for 
gelatine-coated papers. 

Acknowledgment. —My best thanks are due to Mr S. Allen for expert advice 
and many suggestions. He kindly revised the proof sheets of the above article. 
Also to Dr Alfred B. Hitchin for suggestions. 
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Historical Survey 

The smoking of the leaves of the tobacco plant may be definitely stated to be of American origin, 
and it is thought that at first it probably was a religious rite. Many attempts have been made to 
prove that the custom was practised by the ancient Egyptians, the Greeks, and Romans, and in the 
East generally, prior to the discovery of America, but it has been conclusively shown that the herb 
smoked was not tobacco, but generally coltsfoot. During the seventeenth century, when the use 
of tobacco was spreading over Europe, smoking was prohibited in India, Turkey, and Persia, under 
penalty of death, and from this process of elimination we return to the known fact that smoking was 
everywhere practised by the natives when America was first discovered to Europeans. Fairholt, 
in his work on the “ History of Tobacco,” states that it was in the first week of November 1492 
that Europeans first noted this Indian custom on the island of Cuba. The first clear account of 
the practice is given by Oviedo in his “ Historia General de las Indias,” published in 1526. In the 
West Indian islands the natives smoked, rolls of leaves, something like our modern cheroots, but 
on the mainland a hollow Y-shaped nose pipe, called a “ Tobago,” was used. The herb itself was 
named “ Appowac.” 

Though well known to Columbus and all the Europeans subsequently visiting America, the 
herb was only introduced into Europe about 1560 by Hernandez de Toledo, a physician sent by 
Philip II. of Spain to investigate the products of Mexico. About the same time Jean Nicot 
introduced it into France, and about 1586 Ralph Lane, one of Sir Walter Raleigh’s lieutenants, 
first brought it to England. So rapidly did the practice spread, that early in the seventeenth 
century it was fiercely assailed, James I. raising the duty on tobacco from 2d. to 6s. iod. per 
pound. This advance of 4,000 per cent., however, only applied to colonial-grown tobacco, Spanish 
and Portuguese tobacco being imported for many years at the 2d. duty, also the leaf began to be 
cultivated in England to evade the tax; but in 1621 James passed a measure prohibiting its 
cultivation, as to do so would “ misuse and misemploy the soyle of this fruitfull kingdom.” The 
smoking of tobacco was never directly prohibited in England, as in many countries. 

Statistics. —In 19x3 the total imports of tobacco and cigars into the United Kingdom 
amounted to 165,365,925 pounds, 3i million pounds of which was manufactured. Of the 162 
million pounds of leaf imported, 142 million pounds came from the United States. 

Growth and Curing 

The smoking tobacco of commerce is the dried and prepared leaves of some 
three species of the genus Nkatiana % natural order Solanaceas (Deadly Nightshade 
family). 

A very large number of species are known to botanists, but only three are of 
tommercial importance —Nkotiana tabacum^ N* rustica, and N. ptrsica . 
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The first of these, the original American plant, is by far the most important. The familial 
tobacco plant of English gardens, N. ajfinis, is not cultivated for smoking purposes. Over 
seventy varieties of N. tabacum are mentioned by Killibrew and Myrick as being cultivated in the 
United States. It is now grown in many parts of the world, and provides about seven-eighths of all 
the tobacco consumed. N. rustica is cultivated in Europe, Asia, and Africa, and grows wild (as a 
perennial) in certain parts of Mexico. It is a hardier plant than N. tabacum , with small oval 
leaves, attached to the parent stem by means of a stalk. Turkish, Syrian, Hungarian, and Latakia 
varieties are from this species. N. persica is usually found in Persia. It gives rise to an exceed¬ 
ingly mild variety of tobacco known as Shiraz. 

Although a perennial, tobacco is raised from seed annually. 

The plant (N. tabacum) grows from two to nine feet high, according to variety, with wide 
spreading leaves, ovate or lanceolate in form. The leaves, which at their base enwrap the parent 
stem, forming the familiar “spur" at the butt-end of the dried leaf (distinction from N. rusiica), 
are alternately attached to the stalk spirally, so that the ninth leaf overhangs the first. The flowers 
are in large clusters, usually of a pinkish colour. The leaves and stalks are covered with soft, 
downy hair. 

Tobacco flourishes in a temperate climate, the best soil being alluvial or light 
loam, with plenty of potash. 

From experiments conducted by the United States Department of Agriculture 
(Dr W. W. Gamer and others) it is shown that fertilisers have a very marked 
influence on the plant, especially on the composition of the ash, and consequently 
upon the combustibility, which depends largely upon the nature and state of com¬ 
bination of the inorganic constituents. Potash, and magnesia in small quantity, 
improve the “ bum ”; lime, also in moderate quantity, is beneficial, and tends to 
whiten the ash. Chlorine and sulphates inhibit the bum, and for these reasons 
potassium sulphate and stable manure are not very satisfactory manuring agents, the 
latter imparting too much chlorine to the tobacco. The bad effect of chlorine would 
seem to be neutralised by an excess of potash. It is usual to burn brushwood on 
a field to be used for tobacco growing, afterwards digging in the ash. (See Killibrew 
and Myrick, “Tobacco Leaf”; W. W. Gamer, “The Relation of the Composition 
of the Leaf to the Burning Qualities of Tobacco,” Dept, of Agric., Washington, 
1907; Henry and Auld, Bull . Imp . Inst., 1910, 8, 142.) 

Heavy manuring of tobacco lands with suitable fertilisers is essential to the growing of good 
crops, otherwise the ground becomes exhausted, and as the main period of growth lasts only for ten 
or twelve weeks in the summer, the plant food must be in a more available form than would be 
necessary with crops of a more extended period of growth. Consequently heavier and more care¬ 
ful manuring is required in northern districts than in those where the summer lasts longer, in order 
that the plant may reach maturity. 

Very few plants are as susceptible to culture and climatic conditions as tobacco. 
It has been stated that leaf grown from seed of the fine textured Cuban cigai 
tobacco, planted in the more northern parts of the United States, in a very few 
generations becomes changed to a thick textured tobacco totally different from the 
Cuban leaf, even when every care is taken to prevent cross-fertilisation, to which the 
different varieties of N. tabacum are particularly prone. So prone, indeed, is the 
plant to cross-fertilisation, that in order to keep a desirable variety from deterioration 
it is essential that no two varieties be grown on the same farm. 

By the operation of these three variants—soil, climate, and cross-fertilisation—hundreds of 
modifications have been secured. Cross-fertilisation between totally different varieties is often 
resorted to in order to improve the stock. Some of Darwin’s classical experiments were done on 
tobacco. 

With the above reservations, the actual growing of tobacco is an ordinary agri¬ 
cultural operation. 

Only from eight to ten leaves are allowed to mature on the plant, and generally it is 41 topped,” 
i.e. t the flowering stem is removed before the flower appears. Suckers must also be removed as 
they appear. 

The curing and fermentation or sweating of tobacco are processes requiring 
much knowledge and experience, and great technical ability. The methods 
employed vary in different states and with different varieties. In brief outline the 
general process is as follows:— 
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When the crop is ripe the plant is cut down, carefully laid on the ground, and 
exposed to the heat of the sun until it becomes wilted and flaccid. In some 
districts the leaves are harvested separately as they ripen, and some varieties of 
leaf require to be taken to the curing bams with the least possible delay. Too long 
exposure to the sun after being cut injures the crop, so a hot cloudy day is generally 
chosen for the harvesting. Whichever method of harvesting is adopted, the crop is 
ultimately placed in specially constructed drying sheds, where it is either air-dried 
(“ sun-cured ”) or dried by heat equally distributed through the shed by means of 
flues. Some varieties of tobacco are dried by means of open fires of sassafras and 
hickory wood, the smoke being allowed to pass among the hanging leaves, imparting 
to the tobacco an odour somewhat resembling creosote. During this process there 
is a decrease in the dry matter of the leaf, as well as in the moisture. The starch 
is turned to glucose (which latter is finally dissipated as carbon dioxide, water, etc., 
in the later process of sweating or fermentation). At this stage there is no loss of 
nitrogen, though the albuminoids are split up into asparagine and other amides. 
These changes are sometimes stated to be merely due to drying and oxidation, but 
Frear (“ Tobacco Leaf”) has shown that, although not due to micro organisms, they 
are the result of life action, as the changes only occur while the protoplasm of the 
leaf cells retains life. If the leaf be frozen or chloroformed the protoplasm is killed, 
and no normal curing can then be effected. The control of temperature during 
curing is very important. 

Tlie following methods, employed by Mr R. L. Ragland, of Virginia, is given as an example :— 

1. The u sapping” process. As soon as cut the tobacco is put under a temperature of 90 4 F. for 
three hours, then the temperature is advanced rapidly to 125 F., or as high as the tobacco will 
stand without scalding. After a few minutes the temperature is allowed to fall to 90° again. This 
opens the cells and allows the water to come to the surface. 

2. The yellowing process, requiring 90° for from four to eight hours. 

3. Fixing the colour, requiring from sixteen to twenty hours at a temperature ranging from 
100® F. at the beginning to 120° F. at the close. 

4. The curing process, requiring a temperature of I20°-I25° F. for forty-eight hours. 

5. The curing of the stalk and stem, requiring from nine to ten hours, with a heat of 125 0 - 
175* F , increased at the rate of 5 0 an hour. 

On the first ensuing damp day after the leaves have become dry and brittle, air 
is freely admitted to the shed, when the tobacco absorbs sufficient moisture to 
become pliable. It is taken down from the tiers of poles upon which it has been 
hanging, stripped from the parent stem, if this operation has not already been 
performed, and graded. The slightly moist tobacco is heaped together in piles 
on the floor of the barn, the temperature rises, and the tobacco is said to “ sweat ” 
or “ ferment/’ When the temperature reaches 130° F. the pile is reformed, with the 
leaves in the centre which were formerly on the outside. 

By cooling the vapours given off during the fermentation, M. Betting ( /.S.C.I ., 1910, 520) 
obtained a strongly alkaline liquid of sp. gr. 0.0998 at 27.5 0 C., in which the presence of ammonia, 
nicotine, ethyl alcohol, and acetone were detected. 

The precise nature of the fermentative process has been much discussed. 

Following Nessler (“ Der Tabac,” 1867), it is generally stated to be due to bacteria. Behrens 
(“Centralblatt. fttr Bakteriologie und Parasitenkunde,” n, 1894, p. 335 seq.) endeavoured to 
ascertain the changes which occur during sweating. He found the loss of dry matter to be from 
2.5-5.6 per cent., chiefly of soluble carbohydrates, and some organic acids. Although there was 
no diminution of total nitrogen (but see Gamer, quoted below), one-third of the nicotine disappears, 
and there is a loss of nitrate nitrogen. He believed these change? to be due chiefly to the action 
of anaerobic ferments. Jensen {/.S. C./., 1908, 1181), and Boekhout and de Vries [f.S. C./., 1909, 
1277), deny that this view is correct, and state that the process is of a purely chemical character. 

During the processes of curing and sweating, the tobacco attains the familiar 
rich brown colour. The objectionable albuminoids are broken down, about one- 
fourth of the nitrogenous constituents disappearing, ammonia being liberated in 
appreciable amounts, and excess of free or loosely combined nicotine eliminated. 
(W. W. Garner, “ The Relation of Nicotine to the Quality of Tobacco,” 
Washington, 1909; Bernardini, /. 5 .C. 7 ., 1915, 300.) 
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Constituents of Tobacco Leaf 

When first cut down the tobacco plant contains 85-95 per cent of water, and 
even as imported the so-called dry leaf contains from 13*20 per cent, of moisture, 
normally about 14 per cent. 

Nicotine (CiqH-mN,) is the active principle peculiar to tobacco. It occurs combined with 
malic, citric, and other organic acids, and also in unfermented or insufficiently fermented tobacco, 
in the free and loosely combined state (W. W. Garner). It was discovered by Passelt and Reiman 
m 1828, its constitution first determined by Pinner, and it was prepared synthetically by Pictet, 
who confirmed its constitutional formula in 1904. 

Pure nicotine is a colourless oily liquid, with a sharp burning taste, and a faint ethereal odour. 
On exposure to air it becomes brown, and acquires the strong pungent odour of tobacco. It is 
freely soluble in water, alcohol, and the usual organic solvents. It boils at 247*0. (with decom¬ 
position), but may be distilled in a stream of hydrogen or in a current of steam, or under reduced 
pressure. Its specific gravity at 15*0. is I.on, and it is optically active, the naturally occurring 
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alkaloid being Levorotatory, |a] -161.55°. A method of estimation based on this fact has 

been devised by Degrazia {/.S, C. I ., 1911, 506). Chemically, it is 0 -pyridyl-N-methylpyrrolidine i— 
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It is a strong base, forming salts with both organic and inorganic acids. It is an excessively 
poisonous substance, six milligrammes having been suggested as probably the fatal dose for an 
adult (A. IVynter Blyth ). 

It affects the nervous system, increases the activity of the secreting glands, and causes con¬ 
striction of the blood vessels. It first raises the blood pressure, then diminishes it, and contracts 
the walls of the stomach, causing nausea and vomiting. Convulsions usually occur, death resulting 
finally from paralysis of the central nervous and respiratory systems. 

In cases of poisoning by nicotine the stomach is evacuated and tannic acid given, which, being 
an astringent, inhibits absorption, and m addition forms an insoluble compound. Stimulants such as 
caffeine and strychnine then follow. 

It has been used medicinally on rare occasions as an antidote to strychnine poisoning, and in 
tetanus. 

Nicotme salicylate is said to be sold under the trade name of “ Eudermole” as a parasiticide, 
chiefly used as an ointment. 

The salts which nicotine forms with non-volatile acids (malic, succinic, citric, oxalic, sulphuric) 
are themselves more or less non-volatile and insoluble in petroleum ether, whilst the salts formed 
with volatile acids (acetic, hydrochloric) are volatile and soluble in petroleum ether. Nicotine is 
readily removed from petroleum ether extract by agitating with aqueous sulphuric acid, the nicotme 
sulphates formed being soluble in water, but insoluble in petroleum ether. 

Uses.— -The chief ust of nicotine and its preparations is as an insecticide m horticulture, a 
solution in water of 0.07^ per cent, strength being a most efficient spray for the destruction of 
certain insect pests infecting plants, while it has no equal as regards its power of destroying the 
sheep scab mite and certain other animal parasites {Edwards-Ker, “The Growing of Tobacco for 
Nicotine Extraction,” S.E. Agric. Colt, Wye, Kent). For this purpose it is prepared by allowing 
water to percolate through hoppers filled with waste tobacco, the extract made alkaline, and 
distilled in a current of steam. Sulphuric acid is added to the distillate, and after evaporation the 
nicotine sulphate is decomposed by caustic soda and the nicotine distilled off. 

The use of nicotine in the plant economy appears to be doubtful, but it is regarded as being 
derived from the protein matter. Its percentage varies in different parts of the plant and at 
different stages of its growth, but in all parts except the seed, and at all stages, some nicotine is 
present. Pannatn (/. 5 . C./., 1915, 246) has shown that if the ripe leaves are picked as they 
mature, the third and fourth pickings contain only half as much of the alkaloid as the first and 
second. The amount of ash also decreases from the first to the fourth picking. The leaf blades 
are richer than the midribs in every constituent except organic acids, and this holds good for the 
whole leaf in comparison with the stem and roots. Although the percentage of nicotine varies with 
the variety (from less than 1 per cent in Syrian to 7 per cent, in Kentucky), the nature of the 
soil, climatic conditions, and the character of the manure used exert a very considerable'influence 
on its production in the plant The conditions which tend to produce a coarse, rank growth tend 
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also to produce a high nicotine content Acting upon this knowledge tobacco has been grown in 
Bsiglana solely for the purpose of extracting the alkaloid ( Garrod and Edwards-Ker, “ The Growing 
of Tobacco for Nicotine Extraction **). * Such tobacco pays no excise duty, but it must be suitably 
denatured before passing out of excise control. 

A high nicotine content in smoking tobacco is undesirable, and it is generally 
considered that the aroma and flavour are dependent upon a volatile substance 
called nicotianin, or tobacco camphor, which exists in the leaf in inverse ratio to 
the nicotine content The amount of this substance present is very small, being 
about 0.2 per cent, of the dry weight 

Its constitution has been the subject of some discussion. Gerhardt , working upon the percent¬ 
age composition found by Barred , ascribed to it the formula C a8 H aa N 2 0 8 (/..£C./., 1902, 797), but 
Gawahwski {J. S. C. /., 1902, 1348) states that the so-called tobacco camphor is a mixture of the 
nicotine salts of valeric, camphoric, oxycamphoric, and pyridyl-carboxylic acids, nicotine pyridyl- 
carbonate being the chief toxic principle, whilst the aroma is due to the other three salts mentioned. 
Small traces of other alkaloids have been detected in tobacco, namely, nicoteine, isonicoteine, 
nicotelline, nicotoine (C fl H u N), pyrrolidine, and methyl-pyrrolidine ( Redgrave {Knowledge*, 1914, 
46); Pictet and Rotschy (/. S. C. /., 1901, 501); E. Noga{f.S.C./. t 1915, 979)). Thorpe and Holmes 
(Chem . Sac. Trans ., 1901, 79, 982) isolated two hydrocarbons, hentriacontane, C 81 H W , M.P. 
67.8°-68.5° C., and heptacosane, C^H*, M.P. 59 * 3 °- 59 * 8 ° C., and recently Halle and Pribram 
(/. 5 . C./. t 1914, 612), an essential oil has been isolated in 0.047 per cent, yield. Tobacco also 
contains a comparatively large amount of wax and resins. The chemistry of these latter substances 
has been investigated by /. von Degrazia {/.S.C.I., 1914, 436; 1915, 978), and the following con¬ 
stituents isolated: a-tobakenic acid, / 3 -tobakenic acid, tobacco resinol, tobacco resene, and an 
essential oil. 

Fesca and Itnai {J.S. C./. t 1888, 759), in an investigation of the modes of the existence of 
nitrogen in tobacco, state that nitric acid and carbohydrate should not be present in well-fermented 
tobacco, though amines may be harmless or even beneficial, the conversion of proteids into amines 
being one of the most important results of fermentation. High basicity of the ash is a good index of 
combustibility. Very much magnesia is prejudicial to the burn. 

Ampolo and Jovino ( f.S.C.f ., 1902, 997) state that the direct factors governing the combusti¬ 
bility of tobacco are the state of division of the metals present, especially iron, which are capable 
of exerting a catalytic action. A recent paper by G. Paris ( /.S. C. 7 ., 1917, 666) critically examines 
the various methods proposed for the estimation of nitrogenous substances in tobacco—nicotine, 
ammonia, nitric acid, amines, aspartic acid, etc. 

Barium, arsenic, titanium, and other rare metals have been detected in the ash of toliacco. 

In common with other vegetable substances, tobacco also contains starch (usually in small 
quantity), sugar (only in unfermented tobacco, except for small quantities of a readily hydrolysable 
allatoin giucoside ( Ampola and Scurti , y.C.S., 1909, vii., 339)), woody fibre, or cellulose, 
albuminoids (or amines), in addition to organic acids and mineral constituents. (See tables 
subjoined.) 


Percentage Composition of American Tobacco 
Dried at ioo° C. (G. E. Moore) 



Viiginia 

Sun-Cured. 

Virginia 
Flue-Cured 
Low Grade. 

Clatkesville 
Fire-Cured. 
Soil : Heavy 
Rich Loam. 

Kentucky 

Air-Cured. 

3 

1 

Wisconsin 
Seed Leaf. 
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3 

4 

5 

6 

Nicotine.... 

326 

4-30 

5.29 

3*12 

4-32 

0.86 

Resin and fats • 

4-15 

*65 

4*99 

5*34 

6.28 

3.28 

Starch - 
Glucose - 

i:g 

2 .75 

75 

3*54 
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4.15 

Albuminoids (Nx 6.25) - 

16.09 

1360 
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Pectic acid (anhydride) * - 4 

1 6.19 

7.46 

6.01 

7*49 

6.66 
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Citric »»»♦“* 

2.12 

2.84 

2.99 

9.11 

1.18 

1:11 

Malic „ »i 

5.02 
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5 * 5 * 

3-94 

Oxalic „ „ 

O.84 

1.03 

1.30 

2.18 

3*49 
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O.42 

- 0.55 
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O.64 

1.62 

0.68 

Nitric 

Ammonia * 

... 


*55 

... 

... 

1.22 

°\33 
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0.98 

0.48 

0.76 

0.63 

Crude fibre • 

9.24 

9.68 

12.18 

9.08 

12.97 

Sand - 

o .55 

2.38 

2.25 

0.66 

4*17 
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1 *3*36 
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Ash Analysis 



Virginia 

Sun-Cured. 

Virginia 
Flue-Cured 
Low Grade. 

Clarkesville 
Fire-Cured. 
Soil: Heavy 
Rich Loam. 

Kentucky 

Air-Cured. 

Wisconsin 
Seed Leaf. 

Total ash 

. 



14.29 

17.42 

19-23 

21.85 

20.81 

Ash (exclusive of sand and CO s ) 


12.4X 

1336 

M-37 

16.06 

15.43 

Potash - 

- 



34-16 

*6.ss 

33-15 

39.51 

38.71 

Soda 




0.26 

0.22 

0.15 

0.86 

I.08 

Lime 




3I-76 

36.96 

36.4» 

39.80 

33.49 

Magnesia 




7.91 

II.5I 

11.85 

534 

12.57 

Ferric oxide - 




0.58 

O.95 

0.51 

1.56 

O.79 

Alumina 




1.22 

I. 8 I 

0.95 

0.51 

0.74 

Manganous oxide • 






0.25 

0.13 

trace 

Phosphoric anhydride 




381 

3-23 

4.42 

6.09 

3.09 

Sulphuric ,, 




4-99 

4-27 

6.16 

4.52 

389 

Silicic ,, 




1.39 

3-29 

3.42 

1.20 

4.65 

Chlorine - 

* 

■ 


13-92 

11.21 

2.66 

0.4S 

0.99 


The constitution of tobacco smoke has been the subject of considerable 
investigation, particularly by Toth (f.S.C.I, 1910, 458), Thoms 1901, 

626), Trillat (/., S.C.I., 1904, 1164), and Gamer (“ Relation of Nicotine to the 
Quality of Tobacco ”). It has been found to contain, in addition to unchanged 
oxygen and nitrogen from the air, carbon dioxide, carbon monoxide, formaldehyde, 
ammonia, hydrogen sulphide, hydrogen cyanide, butyric acid, pyridine, collidine, 
and nicotine; also two volatile oils in minute proportions (75 parts in 20,000), 
one of which is extremely toxic. According to Garner, 25-35 P er cent, and 
according to Thoms about 75 per cent, of the nicotine present in the tobacco 
passes into the smoke. That is to say, taking the lower figure of Garner, in 
smoking an average cigar weighing 5 gm. made from tobacco containing 2 per cent 
of nicotine, 25 mg.—four times the minimum fatal internal dose—of this alkaloid 
are drawn into the mouth. It would be of interest to ascertain whether the 
hydrogen cyanide takes any part in the physiological effect produced by tobacco 
smoking. 

An interesting paper on the relative toxic powers of tobacco smoke from pipe, cigar, and 
cigarette appeared in the Lancet for 6th April 1912. 


Qualitative Tests for Nicotine 

Concentrated sulphuric or nitric acid produce no colour change, chlorine water gives a red 
to brown colour. It is precipitated from solution by iodine in potassium iodide (perceptible in 
solutions of one part in 250,000), bismuth pot iodide, mercury pot. iodide, gold, and platinum 
chlorides. A mixture of concentrated solution of hydrogen peroxide and strong sulphuric acid 
gives, with nicotine, a dark chocolate-red coloration. If a few drops of a solution of a-nitroso 
0-naphthol be evaporated in a porcelain capsule, and a few drops of the base added to the 
residue, a yellowish-brown tint is obtained. Mercuric chloride gives a white crystalline precipitate 
with solutions of nicotine, insoluble in water and ether, almost insoluble in alcohol, soluble in 
dilute hydrochloric or acetic acids. Picric acid added in excess gives a yellow crystalline precipi¬ 
tate even in the presence of foreign organic matter. The picrate, B.2C 6 H 2 (N0 2 )30H, forms short 
prisms, M.P. 218° C., and is characteristic. With a solution of nicotine 1 in 300,000, and 0.1 per 
cent, hydrochloric acid, a 5 per cent, solution of potassium silicotungstate produces an immediate 
turbidity. The delicacy of the test is increased to 1 in a million by increasing the acid to 8 per 
cent., and allowing several hours for the precipitation. 


The Tobacco Excise Regulation 

Tobacco is neither a food nor a drug, so its purity is not guarded by the Food 
and Drugs Act. It is, however, a very important source of revenue to the State, 
the present rate of duty bong 6s. s|d. per lb. for "stripped” tobacco (midrib 
removed), and 6 s. sd. per lb. for whole leaf. An additional duty is charged when 
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die tobacco contains less than 10 per cent, moisture, and in order that there shall 
be no loss of revenue due to the admixture of non-dutiable articles, very stringent 
regulations as to its purity and manufacture are laid down by the Commissioners 
of Customs and Excise, based upon the authority of Parliament contained in 
various Finance and Revenue Acts. It must not contain more than 32 per cent, 
of water, nor more than 4 per cent, of oil. Further, it must not contain arty 
ingredients other than tobacco, water, oil, essential oils (for flavouring), or acetic 
acid. 

With regard to the acetic acid used as a preservative, it is notable that the treatment of 
tobacco with a small amount of glacial acetic acid in the form of a fine spray is much more 
effective than the equivalent amount of acid of lower percentage. 


Technical Assay of Tobacco 

Chemical analysis of tobacco is not of much assistance in arriving at a decision 
as to its quality, although it would be much easier to recognise a bad tobacco than 
a good one by chemical means; for instance, very bad tobacco always contains 
much protein matter, sulphuric acid, chlorine, and free nicotine, with small 
portions of amino-nitrogen, potassium salts, etc.; high alkalinity of the ash, on 
the other hand, indicates good burning qualities, though even this property is 
usually determined by direct test. As a consequence the only estimations usually 
made are water, oil, nicotine, inorganic matter, and sand, which, other than 
nicotine, are required for excise purposes. 

Water. —A known weight is dried at ioo° C. for eight hours. Substances other than water 
may be vaporised, but, from the wording of the moisture clause of the Revenue Act, these must be 
calculated as water. 

Oil.—13.33 gm. of the tobacco, finely cut up, are macerated for twelve hours with 100 c.c. of 
petroleum ether ; 75 c.c. (representing 10 gm. tobacco) of the ethereal extract are rapidly filtered, 
if necessary, and placed in a tared flask. The ether is distilled off, and the residual extract dried 
at ioo° C. for one hour, and weighed. If the total extract is below 4.5 per cent., it may be 
assumed that the amount of oil is below 4 per cent. For accurate work the saponification value 
of the extract would have to be compared with that of the oil used in the manufacture, and even 
then, as tobacco naturally contains saponifiable substances, disturbing influences are introduced. 
Determinations of the amount of extractable matter in the unmanufactured leaf might be made, 
and the result deducted from the amount of extract obtained from the manufactured tobacco, but 
manufactured tobacco (which has been baked) sometimes gives a lower ether extract than the leaf 
from which it is made. Amounts varying from 2.9-4.5 per cent, of extractable matter have 
been obtained by the present writer in two varieties of leaf as imported. Fesca and /mat 
{f.S.C.f., 1888, 759) state that ordinary fat determinations by extracting with ether are useless 
with tobacco. The method outlined above is, however, the one in use at the Government 
Laboratory, and this method, or the Soxhlet, is generally followed. 

Inorganic Matter and Sand.— The tobacco is first dried, and a definite weight incinerated 
over a small Bunsen flame. After all the “volatile carbon” has been expelled, the incineration 
is completed in a muffle furnace at a dull red heat, cooled, and the ash moistened with a strong 
solution of ammonium carbonate to recarbonate the free bases. It is then dried for eighteen hours 
and weighed as total inorganic matter. 

Sand. —The ash obtained as above is treated with hydrochloric acid (1 ;6), filtered, the residue 
dried, ignited, and weighed as sand. Another method is to treat the ash with concentrated 
hydrochloric add, evaporate to dryness, heat to 150° C. for half an hour, treat with dilute 
hydrochloric acid (1:12), filter, dry the residue, ignite, and weigh. 

Nicotine. —Many methods have been proposed for the estimation of nicotine, of varying 
degrees of reliability. For a comparative study of six methods, see J. Toth {f.S.C.f., 1911, 
1084). Three methods are here described (for other methods see Kiss ling (Analyst , 1904, 378); 
/. Toth (Analyst, 1912,452); Schroder (Analyst, 1911, 106); Harrison and Self (Pharm. 

1912, 718). 

The following method is due to Gamer (Bulletin No. 102, U.S. Bureau of Plant Industry, 
Washington, 1907). It is rapid and sufficiently accurate for technical purposes. 

Six grams of finely divided air-dried tobacco are well mixed with 3-5 c.c. of a 5 per cent, 
solution of caustic soda, and transferred to a 250 c.c. stoppered cylinder. Or the tobacco may 
be mixed in die cylinder by means of a long glass rod. 100 c*c. of petroleum ether are added, and 
the cylinder vigorously shaken. The mixture is allowed to stand for four hours, the cylinder being 
laid on its side so as to expose a greater surface of tobacco to the action of the ether, shaking 
vigorously every half hour. After allowing the mixture to settle, the clear extract is rapidly passed 
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through a filter, 75 c.c. of the filtrate (equal to 4.5 gm. tobacco) being collected. Thii is allowed, 
to stand in an open flask exposed to the air for half an hour, or air is drawn through it to remove 
the ammonia, only a small portion of which is extracted by the ether. It is next shaken in a 

separating funnel with 10 c.c. ~ sulphuric acid, diluted to 50 c.c. with water. The aqueous layer 
is drawn off, the petroleum spirit washed twice with a little water, and the excess acid in the 
aqueous liquid titrated with alkali, using cochineal as indicator. I c.c. ~ acid is equal to 

0.0324 gm. nicotine. The amount of water in the tobacco is determined in a corresponding sample, 
and the weight taken corrected accordingly. The main difference of the above to Totha method 
is that Toth recommends moistening the tobacco and mixing with plaster of paris until the whole 
forms a dry powdery mass, the plaster of paris retaining the ammonia. Toluene or xylene may be 
used as the solvent. 

Kissling’s Method for the Determination of Nicotine. —Weigh about 20 gm. of finely-powdered 
toljacco, which has been previously dried at 6o° C., so as to allow it to be powdered into a small 
beaker. Add 10 c.c. of alcoholic soda solution (6 gm. caustic soda, 40 c.c. water, and 60 c.c. 90 per 
cent, alcohol) and mix thoroughly. Transfer to a Soxhlet extractor and exhaust for five hours with 
ether. Evaporate off the ether at a low temperature, and take up the residue with 50 c.c. dilute 
caustic soda solution (4 gm. caustic soda in 1,000 c.c. of water). Transfer this residue by means 
o t water to a Kjeldahl distillation apparatus, capable of holding about 500 c.c., and distil in a 
current of steam, using a well*cooled condenser. A few pieces of pumice and a small piece ot 
paraflm should be used to prevent bumping and frothing. Continue the distillation until all the 
nicotine has passed over, the distillate usually varying from 400 c.c. to 500 c.c. When the dis¬ 
tillation is complete only about 15 c.c. of the liquid should remain in the distillation flask. Titrate 
the distillate with standard sulphuric acid, using phenacetolin or cochineal as indicator. One 
molecule of sulphuric acid is equivalent to two molecules of nicotine. This is the official method in 
the United States. Kissling (see Analyst , 1904, 378) recommended that the tobacco should be 
mixed with an equal weight of powdered pumice before extraction. 

The Silicotungstate Method for the Determination of Nicotine.— The method was originally 
proposed by Bertram and Gavillter , and has been improved by them and others (see /. S.C.I ., 1899, 
404 ; 1909, 326 ; 1911, 376; JR. Spallino ( Analyst , 1914, 43); H. R. Jensen (PharfH.J. t 1913, 36, 
658)). Jensen gives the method of preparing silicotungstic acid, its effect on most alkaloids and on 
many other organic substances. 

The tobacco is extracted on the water bath (under a reflex condenser) with ten times its weight 
of hydrochloric acid (5 per cent.) for fifteen to twenty minutes, the liquid drained off, and the opera¬ 
tion repeated four or more times. In the case of tobacco extracts, 5 gm. are diluted to 100 c.c. 
The nicotine in the liquid is precipitated with silicotungstic acid or its potassium salt. After mixing 
thoroughly, and allowing to stand eighteen hours (or stirring continuously for one hour if speed is 
essential), the crystalline precipitate is collected and washed with water, to which has been added a 
little hydrochloric acid and a few drops of the precipitant. The precipitate is then ignited to the 
oxides of silica and tungsten, WC^.SiOg. The factor for converting the weight of this into nicotine 
is o. 1139. The constitution of the compound after drying at 115°-i20° C. is stated to be— 

SiO 8 X2WO s .2H a O.2C 10 H 14 N 2 , 

but apparently the amount of water present is not sufficiently constant for it to be weighed at this 
stage. 

Instead of igniting the precipitate it may be decomposed with magnesia mixture, distilled in a 
current of steam, and the nicotine in the distiliate titrated as in Garner's or Kissling’s method. 
Ammonia does not affect the result if less than 2 per cent, be present, and according to Jensen not 
at all by the ignition method. 

The present writer has found the silicotungstate method (by ignition) to give high results, which 
may be due to the fact that the colouring matter extracted by the hydrochloric acid is precipitated 
by the silicotungstate and the corresponding amount of the oxides left on ignition. The following 
modification has been adopted: The nicotine is extracted in a Soxhlet as in the Kissling method, 
the ether evaporated off, and the residue taken up with warm dilute hydrochloric add. After 
cooling the nicotine is precipitated by silicotungstate, and the precipitate collected, washed, and 
ignited as in the ordinary method. The fat extracted from the tobacco by the ether does not 
interfere. 
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TABLE I 

WEIGHTS AND MEASURES 

i. METRIC SYSTEM 

i metre (m.)« io decimetres (dm.)— ioo centimetres (cm.) — 1,000 millimetres (mm.) 
= 1.09 yards*® 3.281 feet*=*39.371 inches. 

1 litre (1.) — i,ooo cubic centimetres (c.c. or c.cm.) = o.22 gallon®* 1.76 pints = 35.2 
fluid oz. 

1 cubic metre (cb.m.)*® 1,000 litres®*220 gallons. 

1 gramme (g. or gr. or grm.)*®io decigrammes (dg.)*»ioo centigrammes (eg.) — 
1,000 milligrammes (mg.)*® 15.43 grains. 

1,000,000 grammes — 1 mfetric ton; 1,017,960 grammes®* 1 ton of 2,240 lbs. 

1 kilogramme (Kg. or Kilo.)*® 1,000 grammes*®35.27 oz. =*2.2 lbs. 

50 kilogrammes — 1 centner*® 1 cwt, nearly. 

100 kilogrammes-1 quintal or 1 metric centner — 1 doppelzentner*® 1 dz.®* about 
^foth ton. 

1,000 kilogrammes — 1 ton (t.), fnetric ton** 19 cwt. 77 lbs. — 2204.6 lbs 
1 cubic centimetre water—1 gramme, 
i litre water-1 kilogramme-2.2 lbs. 

1 cubic metre water — 1 metric ton — 2204.6 lbs. 


2. ENGLISH WEIGHTS AND MEASURES 
1 yard (yd.)—3 feet —91.44 centimetres-0.9144 metre. 

x foot (') —12 inches O —30.48 centimetres-0.3048 metre; 1 cubic foot- 28.315 
litres. 

1 inch - 2.54 centimetres; 1 cubic inch - 0.01639 litre. 

x imperial gallon (gal.)-4 quarts (qts.)-8 pints (pts.)«x6 gills-32 noggins- 
xo lbs. (of water)-4.54 litres, 
t pint-0.568 litre-2 gills-4 noggins -i£ lbs. (water). 

In England, by the term gallon (gal.) the Imperial gallon is meant, but jn 
the United States of America the much smaller apothecary s or wim 
gallon is understood. 
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i imperial gallon « 1.2 wine gallons; 1 wine gallon = 0.8335 imperial gallon. 

1 wine gallon = 4 quarts = 8 pints = 3.785 litres = 8.35 lbs. water ; 1 litre = 0.264 
wine gallon. 

1 pint (apothecary's measure) = 0.473 litre; 1 litre = 0.264 pint (apothecary's 
measure). 

1 pound avoirdupois (lb.)=i6 oz. = 256 drachms (drm.) = 7,ooo grains«453.6 
grams = 0.454 Kilo. 

1 oz. = 16 drachms = 437.5 grains 28.35 grams; 1 fluid oz. = 28.4 c.c. 

1 hundredweight = 4 quarters (28 lbs. each)= 112 lbs. 

1 ton (gross ton) = 20 cwt. = 2,240 lbs. = 1,016 Kilos. = 1.016 metric tons. 

In England the ton or gross ton of 2,240 lbs. is exclusively used. In the 
United States of America the term “ ton ” may mean the gross ton of 
2,240 lbs., or the short ton of 2,000 lbs. avoirdupois. 

1 grain = 0.0648 gram; 7,000 grains = 1 lb. 


TABLE II 

COMPARISON OF THERMOMETERS—CONVERSION OF THERMOMETER 

DEGREES 

0 C. to 0 F. : multiply by 9, divide by 5, then add 32. 

* F. to 0 C. : first subtract 32, then multiply by 5, and divide by 9. 


COMPARISON OF CENTIGRADE AND FAHRENHEIT DEGREES 


•c. 

* F. 

•c. 

* F. 

•c. 

•F. 

•c. 

1 

•F. 

+ 5 °° 

+ 932 

+ 74 

+ 165.2 

+ 45 

+ 113 

+ 16 

+ 60.8 

400 

752 

73 

163.4 

44 

III .2 

15 

59 

300 

572 

72 

161.6 

43 

IO9.4 

14 

57-2 

200 

392 

7 i 

159-8 

42 

IO7.6 

13 

55-4 

100 

212 

70 

158 

4 i 

IO5.8 

12 

536 

99 

210.2 

69 

156.2 

40 

IO4 

II 

51-8 

98 

208.4 

68 

154-4 

39 

102.2 

10 

SO 

97 

206.6 

67 

152.6 

38 


9 

48.2 

96 

204.8 

66 

150.8 

37 

98.6 

8 

464 

95 

203 

6 5 

149 

36 

96.8 

7 

44 6 

94 

201.2 

64 

147-2 

35 

95 

6 

42.8 

93 

T 99.4 

63 

145-4 

34 

93-2 

5 

41 

92 

197-6 

62 

143-6 

33 

91.4 

4 

39-2 

9 * 

* 95-8 

61 

141.8 

32 

89.6 

3 

37-4 

90 

194 

60 

140 

3 i 

87.8 

2 

35-6 

89 

192.2 

59 

138.2 

30 

86 

1 

33 8 

88 

87 

:&* 

58 

57 

136.4 

134.6 

29 

28 

84.2 

82.4 

0 
-1 

32 

302 

86 

186.8 

56 

132.8 

27 

80.6 

2 

28.4 

*5 

185 

55 

131 

26 

78.8 

3 

26.6 

84 

183.2 

54 

129.2 

25 

77 

4 

24.8 

83 

181.4 

53 

127.4 

24 

75-2 

1 5 

23 

82 

179-6 

52 

125.6 

23 

73-4 

6 

21.2 

81 

177-8 

5 i 

123.8 

22 

71.6 

7 

19.4 

80 

176 

50 

122 

21 

69.8 

8 

17.6 

79 

174.2 

49 

120.2 

20 

68 

9 

15-8 

78 

172.4 

48 

118.4 

19 

66.2 

to 

u 

77 

170.6 

47 

116.6 

18 

64.4 

11 

12.2 

1 76 

168.8 

46 

114-8 

17 

62.6 

12 

10.4 

1 » 

,« 7 | 
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TABLE III 

COMPARISON OF HYDROMETER DEGREES TWADDLE AND BAUMti WITH 
THE SPECIFIC GRAVITIES FOR LIQUIDS HEAVIER THAN WATER 


Degrees 

Twaddle. 

Degrees 

Baum6. 

Specific 

Gravity. 

Degrees 

1 waddle. 

Degrees 
Baum 6. 

Specific 

Gravity. 

Degrees 

Twaddle. 

Degrees. 

Baum6. 

Specific 

Gravity. 

I 

0.7 

1.005 

64 

35-0 

I.320 

128 

56.3 

I.640 

2 

1-4 

I.OIO 

66 

35-8 

1-330 

130 

56-9 

1.650 

4 

2.7 

1.020 

68 

36.6 

1.340 

132 

57.4 

I.660 

6 

4.1 

I.O3O 

70 

37.4 

i- 35 o 

134 

57.9 

I.670 

8 

5*4 

I.O4O 

72 

38.2 

1.360 

136 

58.4 

I.680 

10 

6.7 

1.050 

74 

39 -o 

1.370 

138 

sM 

I.690 

12 

8.0 

1.060 

76 

78 

39-8 

1.380 

I40 

59-5 

1.700 

14 

94 

1.070 

40.5 

1.390 

142 

59-9 

1.710 

16 

10.6 

1.080 

80 

41.2 

1.400 

144 

60.4 

1.720 

18 

IJ.9 

1.090 

82 

42.0 

1.410 

146 

60.9 

1-730 

20 

13.0 

I. IOO 

84 

42.7 

1.420 

148 

61.4 

1.740 

22 

14.2 

I.IlO 

86 

43-4 

1.430 

150 

61.8 

1.750 

24 

15*4 

1.120 

88 

44.1 

1.440 

152 

62.3 

1.760 

26 

16.5 

1 .130 

90 

44.8 

1.450 

154 

62.8 

1.770 

28 

17.7 

1.140 

92 

45*4 

1.490 

156 

63.2 

1.780 

30 

18.8 

1.150 

94 

46.1 

I.470 

158 

6$*7 

1.790 

32 

19.8 

1.160 

96 

46.8 

1.480 

160 

64.2 

1.800 

34 

20.9 

1.170 

98 

47.4 

I.490 

162 

64 6 

1.810 

36 

22.0 

1.180 

100 

48.1 

1.500 

164 

65.0 

1,820 

38 

230 

1.190 

102 

48.7 

1.510 

166 

65-5 

1.S30 

40 

24.0 

1.200 

104 

49-4 

I.520 

168 

f> 5-9 

1.840 

42 

25.0 

1.210 

106 

50.0 

1.530 

169 

66.1 

1.845 

44 

26.0 

1.220 

108 

50.6 

1.540 

170 

66.3 

1.850 

46 

26.9 

1 . 23 ° 

no 

51-2 

1-550 


67 

1.872 

48 

27.9 

1.240 

112 

51.8 

1.560 


68 

1.897 

50 

28.8 

1.250 

114 

52.4 

1.570 


69 

1.921 

52 

29.7 

1.260 

116 

53 -o 

1.580 


70 

1.946 

54 

30.6 

1.270 

118 

536 

1.590 


7 i 

1.974 

56 

3 i -5 

1.280 

120 

54.1 

1.600 


72 

2.000 

58 

324 

1.290 

122 

54 - 7 * 

1.610 


73 

2.031 

60 

33-3 

1.300 

124 

55-2 

1.620 


74 

2.059 

62 

34.2 

I.3IO 

126 

55.8 

1.630 




JVefc.—Thc degrees in Twaddle’s hydrometer bear a direct relationship to the specific gravity 
and may be obtained from the same by the following formula in which d represents the specific 

gravity and n the number of degrees Twaddle: fc ^.i SSP ... ^Z .. ?.??? . On the other hand by the 

formula d** the degrees Twaddle are converted into the corresponding specific gravity. 

For values below 2.0 the degrees Twaddle may also be obtained from the specific gravity by moving 
the decimal point two figures to the right, striking off the first figure and multiplying the rest by 2, 
aa per the following example:— 

Specific gravity 1.133 s 

” 3 - 3 *« 

13.3 x 2 s 
26.6° Twaddle. 
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TABLE IV 

DENSITIES CORRESPONDING TO BAUM&S HYDROMETER FOR LIQUIDS 
LIGHTER THAN WATER (Francaur) 


• B. 

Density, t 

•B. 

Density. 

•n. 

Density. 

•B. 

Density. 

10 

I.OOO 

23 

O.918 

36 

0.849 

49 

0.789 

II 

0.993 

24 

0.913 

37 

O.844 

So 

0.785 

12 

O.986 

25 

O.907 

38 

0.839 

5i 

0.781 

13 

O.980 

26 

O.90I 

39 

0.834 

52 

0.777 

14 

0.973 

27 

O.896 

40 

0.830 

53 

0.773 

15 

O.967 

2S 

a 890 

41 

O.825 

54 

0.768 

l6 

O.960 

29 

0.885 

42 

0.820 

55 

0.764 

17 

0.954 1 

30 

0.880 

43 

O.816 

56 

0.760 

18 

O.948 1 

31 

0.874 

44 

0.811 

57 

0.757 

19 

O.942 

32 

0.869 

45 

0.807 

5* 

°*753 

! 20 

0.936 

33 

0.864 

46 

0.802 

59 

0.749 

21 

0.930 

34 

0.859 

47 

0.798 

60 

0.745 

22 

O.924 , 

1 

35 

0.854 

48 

a 794 
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INDEX LIST OF TRADE NAMES OF THE NEWER 
SYNTHETIC DRUGS. PHOTOGRAPHIC DEVELOPERS, ETC- 

Reprinted t with kind permission , from the “Journal of the Society of 
Chemical Industry” 1914 , 33, 1028 . 


Abanone.—Magnesium phosphotartrate. 
AcetomorpMne. —Diacetylmorphine, 

Aoetopyrln.—Antipyrine acetylsalicylate, 
CnH 12 N 2 0,QH a 0.0C 8 H 4 .C00H. 
AcetosaL—Acetylsalicylic acid, 

QHjO. OC 8 H 4 . C0 2 H. 

Acetoxone.—Mixture of equal parts of acetyl* 
benzoyl peroxide, C s H fi CO. O. O.QHgO, and 
kieselguhr. 

AcetyaaL See acetosai. 

Aeldol.—Betaine hydrochloride, C 5 H n NO a ,HCl. 
AdtriiL — 2 -Phenylquinoline- 4 -carboxylic acid 
ethyl ester, C 2 H*N(C 6 H fi )COAH*. 

Acopyxin. See acetopyrin. 

Adalln. —Bromod ie thy lacetyl urea, 

(C 2 H p ) a CBr.CO.NH.CO.NH 9 . 

AdamoiL—Dibromodihydrocinnamic acid bornyl 
ester, C p H 5 (CHBr) 2 CO 2 C 10 H 17 . 
pm.—Digitalis preparation containing all the 
active principles except digitonin, this having 
been removed by precipitation with choles¬ 
terol in alcoholic solution. 

Adrenal.—Crystalline base from the suprarenal 
gland. 

Adrenaline. —<?-Dihydroxyphenylmethylaminome- 
thylcarbinol hydrochloride, 

(HO)A^s* CH( OH). CH* N H (CHj), H Cl. 
AAreneaue. See eudrenine. 

ACrldoL—Sodium salt of hydroxymercury- 0 -toluic 


acid, CH 2 .C 2 H 2 (C0 2 Na)Hg0H* 
Hu—Adeps lance or purified wool 


fat. 

See agnin. 

Agobllin.—Strontium cholate mixed with small 
quantities of strontium salicylate and diacetyl- 
phenolphthalein. 

deni an. —Addition product of theobromine-sodium 
and eodium acetate, QH T N C 2 H s O a N a. 

Albaxgtn. -^Gelatose-sil ver (15 % Ag). 

Aldofton.— A formaldehyde preparation. 

AlflUfelii*~*<ferbamic acid ester of aa-dichloroiso- 
propyi alcohol, (CH 2 Cl) r CH,O.CO.NH 8 . 

Alformtn. — %6 L solution of basic aluminium 
formate, AltfOHWHCO*)* 

mmidiwa. See aJgiron. 

Alitimt—Iron compound of alginic acid (from 
seaweed); contains at % Fe. 

Allmafin —Condensation product of hsematoxylin 


and formaldehyde, CH 2 0 2 (C 16 H 12 0 5 ) 2 : CH* 
wan.—Santalyl allophanate, 

NII 2 .C0.NH.C0 2 .C 15 H 23 . 

Alphogen.—Succinyl peroxide, 

(C00H.CH 2 .CII 2 .C0) 2 O 2 . 

Alphozone. See alphogen. 

Althein. —Asparagin, 

C 2 H 8 (NH 2 )(CO £ H)CO.NH 2 +h 8 o. 

Alypin. —Benzoyl - 1 . 3 -tetramethyldiaminoethyl- 2 - 
isopropyl alcohol hydrochluride, 

C 6 Ii 6 CO. 0(C 2 H 8 )qClI 2 . N(CH 8 ) 2 ]o, 11 Cl. 

Amarln. —Trinhenylclihydroglyoxaline, 

§5'e;SU> CH • c « ,, - 

AmenyL—Methylhydrastimide hydrochl aide, 
CH 2 0 2 s C e H 2 (CO) 2 N(ClI 3 ),IICl. 

Amidopyrin. —Dimethylaminoantipyrine, 
C ll II n N 3 O.N(CH 3 ) 2 . 

Amphotropin. — Hexamethylenetetramine cam- 
ph orate, (C 6 H 12 N 4 ) 2 , C 8 H u ( COO H ) s . 

Amylarine.—Isoamyltrimethylammonium hvdrox- 
ide, C 5 H n (CH s ) 8 N.OH. 

AnJBCtbesln.—Ethyl ester of/-aminobenzoic acid, 
NHg.CeH 4 .COAH,. 

Anasthone. See ansesthesin. 

Analntos. See kalmopyrin. 

Angioneurosin. —Nitroglycerin, C 3 iyO.NO*),. 

Anisotheobromlne. —Addition product of theo¬ 
bromine-sodium and sodium anisate, 
C y H r N 4 0 2 Na,C 6 H 4 (0CH 3 )C0 J Na. 

Anoffon.—Mercury salt of 2 . 6 -di-iodophenol- 4 - 
sulphonic acid, C 8 H 2 I 2 (0Hg)($0,,Hg). 

Aatacedin. —Calcium saccharate. 

AnthrasoL—Coal tar distillate having colour and 
consistence of olive oil. 

Anttarthrin.—Condensation product of saligenin 
and tannin, probably the hydroxy benzyl ester 
of tannic acid. 

AntileproL —Purified chaulmoogra oil. 

AntUuetin.—Potassium-ammonium amimonyltar- 
trate, [Sb0(C 4 H 4 0 6 ) 2 KNH 4 ] 2 lI 2 0. 

Anttperiostln.—Mercury iodocantimridate, 
QHuIO(COO) a Hg. 

Antlpyoninnm.—•/Neutfal” sodium tetraborate, 
prepared by fusing together borax and boric 
acid. 

Antisderosine.— Mixed inorganic salts of normal 
blood. 
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Antodin.—Phenyl ether of glycerol, 
C 3 H 8 (OH)aO.C 6 H 5 , 

AperitoL —Mixture of equal parts of lsovaleryl- 
and acetyl-phenolphthalein. 

Aponal—Amyl carbamate, N 14 C 00 C a H n . 
Appallagin.—Mercury compound of nosophen 
(t etraiodophenol phthalein). 

Apyron.—Lithium acetylsalicylate, 

Cj 1 1 ; , 0 . OC e H 4. CO.»Li. 

Arcbibromin.—Monobromoisovalerylglycolylurea. 

CII 2 (OH).CO. NH. CO. NH. CO. C 4 H 8 Br. 
Archiodin. —Monoiodoisovalery lglycolylurea. 
Argaldin. - Combination of albumin-silver and 
hexamethylenetetramine (10 % Ag). 
Argoferment —Colloidal silver. 

Aigyrol.—Silver-vitellin (20-30 V. Ag). 

Axgnlan.—Mercury compound 01 dimethylphenyl- 
pyrazolonesulphamine, 

C«H u N a O. NH. SOjHgOH. 

Arheol.—Santalol, C^I^O. 

Arhoin.—Addition product of diphenylamine and 
ethylthy my 1 - benzoate, 
(C fl H 8 ) 2 NH,C 10 H 18 .C fl H 4 .CO 8 C 2 H 15 . 
Aristochin. See aristoquinine. 

Aristoqulnine.—Carbonic ester of quinine, 
00 ( 0 ^ 83 ^ 0 ) 8 . 

Arrhen&l.—Sodium methylarsinate, 
AsO(CH,)(ONa) 8 , 6 n 2 0 . 

Aisacetin.—Sodium /-acetylaminophenylarsinatc, 
QI I s O. N H.C 6 H 4 AsO(ONa)(OH), 3 - 4 H 2 0 . 
Arsaoetin-quinine.—Contains 43 °/ c of arsacetin 
and 54 °/ c of quinine. 

Arsalyt.—Bismethy laminotetra-aminoarsenoben • 
zenc. 


Arsamin See atoxyl. 

Arsan. —Glidin preparation containing silver. 
Ars&nlllc Acid.— ^-Aminophenylarsinic acid, 
NH8.C 6 H 4 AsO(OH) 2 . 
Arsen-phenol-amine, See salvarsan. 

Arterenol. — <?-Dihydroxyphenylaminomethylcar- 
binol hydrochloride, 
(HO)8C 6 H s .CH(OH).CH a NH8, HC 1 . 
Auiphyl. See asyphil. 

Aspirin, Soluble. See kalmopyrin. 

Aspirophen. —Aminoacetphenetidide acetylsalicy¬ 
late, 


CaH4O.C8i4NH.CaHaO.NH8, 

C 2 H 8 &OQH 4 .COOH. 

Asquirrol. —Mercury dimethoxide, (UH 8 0 ) 2 Hg. 
Afltrolin. —Antipyrine methyl-ethyl-glycollate. 
Asurol. —Addition product of mercury salicylate 
and sodium ammohydroxy-isobutyrate. 
Asyphil. —Mercury salt of atoxyl, 

(N H 8 C 8 H 4 . AsO. ( 0 H) 0 ) a Hg. 

Atophan. — 2 *Phenylquinoline- 4 -carboxylic acid, 
CaH 8 N(C^H 8 )C 00 H. 

Atoxyl. —Sodium A-aminophenylarsinate, 
NHa.C fl H 4 . AsO(OH)(ONa),xHaO. 
AtzinaL —Atropinesulphuric acid, C^lfggOaNS. 
Atyrosyl. See asyphil. 

Axoventin.— Acetyiaminoazotoluene, 

CH 8 . C 6 H 4 . N* C fl H^CH,). NH. CaH,0. 


Barbitone. See veronal. 

Barutin. — Addition product of theobromine- 
barium and sodium salicylate. 

Benztnoform. —Carbon tetrachloride. 
Benxosalta.— Methyl benzoyl salicylate, 
CeH 4 ( 0 .C 0 .C e H,)C 00 CI 4 
Blogon. —Magnesium peroxide. 

Holactyl,—Preparation of lactic acid bacilli 


Biseiniod. —Combination of cinchonidine hydno 
dideand bismuth iodide, C 19 H n N a O,HI t Bi 4 
BismoiL —Colloidal bismuth. 

Bismutose.— Contains about 22 */• Bi and 66 % 
albumin. 

Blaxtidt.—Sodium hydrosulphite. 

BlenaL—Carbonic acid ester of santalol, 
CCHOCuH^a. 

BornyvaL —Bornyl isovalerate, 

C 4 H 9 CO.O.C 19 H 17 . 

Bomyval, New. —Bornyl isovaleryl glycollate, 
C 4 H 9 COOC1 4 COOC 10 Hi 7 . 

Boroform. —Solution of formaldehyde in sodium 
glvceroborate. 

Borsalyl. —Sodium borosalicylate. 

Borovertin. —Hexamethylenetetramine tiiborate, 
C 8 H 1 aN 4 ,3liBO a . 

Bromelgon. —Albumin preparation containing bro¬ 
mine. 

Bromelia, cxyst.—/5-Naphthyl ethyl ether, 

C 10 H 7 . O. C 2 H 8 . 

Brometone. —Tribromo tertiary butyl alcohol, 
CBr,.C(CH 8 ) 8 OH. 

Brominol. —Brominated sesam£ oil (33 7 . Br). 
Brominoleum. See brominol. 

BromochinoL —Acid dibromosalicylate of quinine, 
C 80 Ha 4 NaOo,2CeH a Br 8 (OH)COOH. 
Bromoglidin. —Wheat gluten preparation contain¬ 
ing 107.Br. 

Bromogluten. —Vegetable albumin prep&iatiun 
containing 8 7 . Br. 

Bromolein. — Brominated unsaturated fatty acids 
of almond oil (20 7 . Br). 

Bromoprotein. See bromogluten. 

Bromotan. —Bromotannin-methylene-urea. 
Bromnral. —a-Bromoisovalerylurea, 
C 4 H a Br.CO.NH.CO.NH 8 . 

Brophenin. —Bromoisovalerylphenocoll; a brotni- 
nated phenetidine derivative. 

Brovalol. —Bornyl bromovalerate, 

C 4 H 8 Br.COO. C J0 H lr . 

Bynln. — Liquid malt extract. 

CacodyllagoL —Guaiacol cacodylate, 

( CH 3 ) s AsO. O. C,H 4 (OCH,). H, 0 . 
CajupntoL —Cineol (eucalyptol), C 10 H 18 O. 
Calcidlne. —Calcium iodide. 

CalcinoL— Calcium iodate. 

CalousoL—Effervescent preparation of potassium 
bicarbonate and piperidme-/-sulphamine ben¬ 
zoate, SO a (NH 2 )C8H 4 COOH,C 8 H n N. 
Calomelol.—Colloidal calomel. 

Camphoid. — Collodion substitute; 1 part of 
pyroxylin in 20 parts each of camphor and 
absolute alcohol, by weight. 

Oamphoral.— Camphoric acid ester of santalol, 
dH 14 (COO) 8 (C :8 H»)* 

Camphosan.—Solution 0/15 parts of camphoric 
acid methyl ester in 85 parts of santalol. 
C&nadol.—Light petroleum spirit, 
sp. gr. 0.650-0.700. 

Caa nmen . —Soluble form of casein (“flocculent 
casein ”); contains 90 7. of protein. 
Celloidin.— Pyroxylin purified by solution in alco¬ 
hol and ether. 

Cellotroptn. —Benzoic ester of arbulin, 

C8H 4 0C 6 H u O 8 .OXOCeH^ 

Oeredine.—Special dry powdered yeast. 

Cerolia,— Solid extract of yeast, containing fat. 
Oetiacoh— Pyrocatechol methyl cetyl ether, 
CaH^OCHaKOCjgHaa). 
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Chin&phenln. See quinaphenin. 

CMnaphthoL See quinaphthol. 

Chineon&L See quineonal. 

Chlniniun lygoalnatum. See quinine lygosinate. 
Chinoform. See quinoform. 

Chtnoaol, See quinosol. 

Chloralamid.—Chloral formamide, 
CCl 3 .CH(OH).CO.NH 8 . 

Chloretone.-- Trichloro tertiary butyl alcohol, 
CC 1 3 .(CH 8 ),C. 0 H, 4 H 8 0 . 

Chlorin.—Dinitroresorcmol, 

(NOH)O: C 8 H 2 : O(NOII). 
Chlorobrom. —A solution of potassium bromide 6, 
chloral formamide 6, and water 58 parts. 
Chloryl anaesthetic.— Ethyl chloride. 
Chromoform. —Combination of methylhexamethy- 
lenetetramine and dichromic acid, 

(C 9 H lfl N 4 CH,) a CrA. 

Chrysofozm— Dibromodi-iodohexamethylene- 
tetramine, C 6 H 8 Br 2 IoN 4 . 

Cihrola.—Preparation of milk and glycerophos¬ 
phates. 

Cioatrictne.—A solution containing thiosinamine 
20, antipyrine 33, and eucaine lactate 0.65 
part per 100. 

Citann.—Sodium anhydromcthylenecitrate, 
n /CH a \ rn /CH a .COONa 
°\CO / CU \CH a .COONa 
CitrocolL—Neutral aminophenacetin citrate. 
Cocaethylin.—Ethyl ester of benzoylecgonine, 

C„ HgCO. C 8 H jjNO. COOCaHp. 

Codeonal.—Mixture of 1 part of medinal and 2 of 
codeine-veronal. 

Colalin.— Cholalic acid, C^H^OcHA 
Coryfln. —Menthyl ethyl glycollate, 

CH e O(C 10 H| a ). COOC^H fl . 

Coxpyrin. See acetosal. 

Cresegol.—Mercury-potassium salt of cresolsul- 
phonic acid. 

Creaosterll.—Acid ortho-oxalic ester of fw-cresol, 
CH 3 .C 8 H 4 0 . C(OH)*. C (0 H) 2 . OC b H 4 (C H s ). 
Cryogenin.—w-Benzaminosemicarbazide, 
NH 2 .CO.C 6 H 4 NH.NH.CO.NH 2 . 
CupferTon.—Ammonium compound of nitroso- 
phenyl-hydroxylamine. 

Cupratln.—Copper albuminate. 

Cupri-aseptoL—Copper m-phenolsulphonate, 
(HO.CeH^. S 0 3 ) a Cu. 

Oupricin. —Cuprous cyanide. 

Cuprodtrol. —Copper citrate, 2 Cu a C«H 4 0 7 , 5 H 8 0 . 
CuproL—Compound of nucleinic acid and copper. 
CusyloL —Soluble copper citrate. 

Gyoloform. —Isobutyl ester of/-aminobenzoic acid, 
QH 4 (NH«)COOC 4 H^. 

Cyprldol.—Mercuric iodide (1 To) in sterilised oil. 
Cyatamin. See hexamine. 

Cyatogen. See hexamine. 

Cyatoporln. —Addition product of hexamethylene¬ 
tetramine and sodium acetate, 

CsH ia N4 f aC t H l 0 2 Na,6H a 0. 

Beba. See veronal. 

Dentalone. —Solution of chloretone in essential 
oils. 

Dermogen. See ektogen. 

, Desalgin.— 1 1 Colloidal chloroform”; an albumin¬ 
ous substance combined with about 25 °L 
CIIClj. 

Dial-Giba. —Diallylbarbituric acid, 

(CsHs)jiC<^qq‘ ™>CO. 


Di aspirin. —Succinylsalicylic acid, 

(CH* COO^QI^COOIi), 
Digipotene.—Preparation containing the whole of 
the glucosides of digitalis leaves. 

Dioform.— Acetylene dichloride, CHC 1 :CHC1. 
Diogen. —Sodium salt of aminonaphtholdisulphonic 
acid, NH a .C 10 H 4 (OH)(SO 8 Na) a . 

Diogenal. —Dibromopropyldiethylbarbituric acid, 
(Q»H.),C<^g g-^C»H. Br^ co 

Dioxogen.—A 30 °/ 0 solution of hydrogen peroxide. 
Diplosal.—Salicylosalicylic acid, 

HO. C fl II 4 . CO. O. C 6 H 4 . COOH. 
Dipropcesin. —Urea derivative containing the resi¬ 
dues of 2 mols. of propaesin, 

C 0 (NH.C e H 4 .C 0 2 C 3 H 7 ) 8 . 

DisaloL—Phenyl salicylosalicylate, 

HO. C 6 H 4 . CO.O. C 6 H 4 . COOC 8 II 6 . 

Dispermln. —Piperazine, NH<^£ch£> nh - 

Durine. —A formalin preparation. 

Dymal. —Didymium salicylate. 

Edinol. — m- Amino-o-hydroxybenzyl alcohol hydro¬ 
chloride, 110 . C«H a (NI I 2 )CH a OH, HC 1 . 
Ehrlich-Hata “ 606.” See salvarsan. 

Ektogen.— Zinc peroxide. 

Elarson. —Strontium salt of chloroarsenobehenolic 
acid (13 % As.). 

Elbon. —Cinnamoyl-/-hydroxy phen> lurea. 
Electrargol. —Electrolytic colloidal silver. 
Emb&rin. —Sodium mcrcurisalicylsulphonate. 
Empyroform. —Condensation product of tar and 
formaldehyde. 

EnesoL— Mercury salicylarsenate (38 °/ 0 Hg). 
Eplnene. —3.4-Dihydroxyphenylethylmcthyla- 
mine, (HO) a C 8 H 8 .CH a .CH 2 .NH.CH 8 . 
Epinephrine.— ^-Dihydroxy-4-methylaminoe- 
thanolbenzene, 

(HO) 2 . C 6 H 3 .CH(OH).CH 2 .NH. CH a . 
Epioaine. —i - Methyl-4.5-diphenyleneimidazole, 
C a Il 4 - C.N(CH s k 


I 


:h. 


c 6 ii 4 -c- 


-N* 


Eplrenan. See adrenaline. 

Erepton.—Meat preparation in which proteins aie 
completely resolved into amino-acids. 

Eridn. See mesotan. 

Ervasln.—Acetylcresotinic acid. 

Esealin.—Aluminium powder mixed to a paste 
with glycerin. 

Estoral.—Menthyl borate, B(O.C 10 H ia ) 8 . 

Euboruyl.—a-Bromoisovaleric ester of borneol, 
C 4 H 8 Br.COOC 10 H 17 . 

Euoodeine.—Codeine methyl bromide, 
C 18 H,nN0 8 ,CH s Br. 

Euool.—Guaiacol acetate, CH 8 O.C 8 H 4 O.C 2 H a O. 

Endrenine.—A solution containing 0.01 grm. of 
eucaine and 0.03 mgrm. of adrenaline per c.c. 

Euguform. —Acetylated guaiaform (condensation 
product of guaiacol and formaldehyde). 

Eulatin. — Mixture of /-bromobenzoic acid, 
oaminobenzoic acid, and antipyrine. 

Eumydrlne.—Methylatropine nitrate, 
C 16 H 20 NO 8 (CH 8 ) a NO 8 . 

Euphyllin. —Mixture of equal pioportions of 
primary and secondary theophylline-ethylene- 
diamine, 

CgH 4 ( NH a )^C 7 II 8 N 4 0 2 + QH^NH^ 2C 7 H 8 N 4 O a 

Eupnine.—Caffeine preparation containing iodine. 

Euporphlne.—Apomorphine methyl bromide, 
C 17 H lr NO a .CH 8 Br,H s O. 
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8ttpyrii»e.—/-Phen€tldine-vanillin ethyl carbon¬ 
ate, 

C € H 4 (OC*H*)N: CH.C*H t ( 0 CH 8 ) 0 .C 0 8 C 2 II fl . 
Eureaol. —Resorcinol monoacetate, 
QH ? (OH)(O.CgII s O). 

Enquinine.— Quinine ethyl carbonate, 

Cg f I 5 C. CO. OCaoHjjsNgO. 

Euscopol —Inactive scopolamine hydrobromide, 
C 1T H ffl N 0 4 ,HBr. 

Bustenin. —Addition product of theobromine- 
sodium and sodium-iodide, 

Cy H 7 N 4 O fl Na, Nal. 

Exodin. —Mixture of diacetylrufigallic acid tetra- 
methyl ether 23, rufigallic hexamethyl ether 
30, and acetylrufigallic pentamethyl ether 

4; 7 .- 

Fwrtn See ceredine. 

FermenlactyL —Preparation of lactic acid bacilli. 
Feronuolin. —Dry yeast extract 
Ferr&togen. See ferrinol. 

FerrichthoL—Ichthyol preparation containing 
iron. 

Ferrinol. —Iron nucleinate; contains 21 % FeaOg 
and 2} % P. 

Fibrolysin. — 15 °/ # solution of a combination of 
thiosinamine (2 mols.) and sodium salicylate 
(1 mol.). 

Fluoram.— Ammonium bifluoride. 

Forgenln. —Tetramethyl-ammonium formate, 
H.COON(CH # ) 4 . 

Formamint. —Preparation obtained from 1 mol. of 
lactose and at least 5 mols. of formaldehyde. 
Forman. —Chloromethyl menthyl ether, 
CioHi 0 O.CHgCl. 

Formldn. —Formaldehyde-acetamide, 
CHj.CO.NH.CHoOH or 
CH 8 .C(:NH).O.CII 2 OH. 

Formidin. —Methylenedisalicylic iodide, 
C^HiAIg. 

FormltroL —Formaldehyde preparation. 
Formdyptol. See formitrol. 

FormuroL— Addition product of hexamethylene¬ 
tetramine and sodium citrate, 
Cgll^VCeHrOfNa. 

Fredo. —Calcium hydrosulphite. 

Furfurin. — A glyoxaline derivative, 

Cjl IsN 2 (C 4 l IfO )g» 

Gaduol. —Ex tract containing the alcohol-soluble 
constituents of cod-liver oil 
Gallogen. —Ellagic add, C^HjO*. 

Gastroean. —Bismuth basihcylate 
Gaultberiasalol. —Methyl salicylo sal icy late, 

HO. C 4 H^. CO. OCfH 4 . COOCHj. 

-A protein preparation from wheat. 
—Nitroglycerin. 

COycutoln.—Glyceryl carbonate. 

Glycerl&fcniiAl. — A condensation product of 
formaldehyde and glycerol, O.CH* O. 
CHgOH.CH-CHg. 

GByoobrom.—Glyceryl ester of dibromohydrocin- 
namicadd, QHJO.CO. (CHBr)gC 6 Hl. 
Glycoeyamine. —Guanidine acetic add. 

Glyoosal— Monosalicylic ester of glycerol, 

C 3 IL{ OH)* O. CO. C 4 H 4 (OH). 

Gomaine. —Solution of iodoform and camphor in 
scsam£ oil. 

Grieerin, Hovum. — Iodohydroxyquinoline sol- 
phonic add, 

CtH 4 I(OH)(SC^Nj^mixed with 


Guaiachtnol. —Quinine dibromoguaiacolate, 
C 6 HaBrg(OCHg)OH,<^H w N a Og. 
Qualamalttn. —Mixture of malt extract and potas 
sium sulphoguaiacolate. 

Guataxmln. — Guaiacol tannocinnamate. 

Gynoval.—Isobornyl isovalerate, 
C 4 H 9 .COOC 10 H 1T . 


Heottne. —Sodium benxosulpho-/-aminophenylar* 
sinate, 

C e H B . SO a N II. C.H 4 . AsO(OH)(ONa). 

Hedlorita. —Lactone of a-glucoheptonic acid. 

Hegonon. — Ammonio - silver nitrate - albumose 
(7 % Ag). 

HelcosoL —Basic bismuth pyrpgallate, 
HO.QHjOgBiOH. 

Helicon. See acetosal. 

HelmitoL —H examethvlenetetramine anhydrome- 
thylenecitrate, C 4 flj J jN 4 ,C7H a 0 7 . 

Hemlsine. See adrenaline. 

Hermophenyl. —Mercury sodium phenoldisul - 
phonate, (S 0 8 Na)aC B H 2 0 (Hg). 

Hetoform. —Basic bismuth cmnamate, 

(C a H 8 .CH : CH. COg)gBi, BigO*. 

Hetralin. —Addition product of resorcinol and 
hexamethylenetetramine, 

CgH^QIMOHJg. 

Hexal. — Hexamethylenetetramine salicylsulphonic 
acid, C 6 H ia N 4 ,(HO)CeH B (COOH)SOoH. 

Hexamine. —Hexamethylenetetramine, C 0 H 12 X 4 . 

Hexanatrln. — Combination of hexamethylene¬ 
tetramine and acid sodium phosphate. 

HexanitrlXL— Manni tol hexanitrate,— 


CH 2 0 (N 0 g)(CH 0 . N 0 2 ) 4 .CH 2 ONOg. 

Hiitamln. —ff-Iminaxolylethylamine. 

Homorenon, — Ethylaminoacetopyrocatechol hy¬ 
drochloride, 

(HO)g. C e Hg. CO. C H* N II(CgH 4 ), HC 1 . 

Hopogan. See magnesium perhydrol. 

Hydramln.—A combination of /-phenj lenedia- 
mine and auinol. 

Hydrargol.— Mercury succinimide, 
[CgH 4 (CO)gN]gHg. 

Hydrargottn. —Mercury tannate (50 s ], Hg). 

Hydrarsan. —Solution of a mixture of arsenious, 
mercuric, and potassium iodides and anti- 
pyrine. 

Hydriodol. See cypridol. 

Hydropyrin. See apyron. 

Hydrosulphite N.F. —Condensation product o t 
formaldehyde and sodium hydrosulphite; a 
mixture of formaldehyde sodium bisulphite, 
NaHS 0 8 ,CH 8 0 , and formaldehyde-sodium 
sulphoxylate, NaHSO^CHgO. 

Hydrosulphite H.F. extra, or cone., or extra 
oonc.— Formaldehyde-sodium-sulphoxylate. 

Hyperol. —Compound of hydrogen peroxide and 
urea, with a trace of citric acid to render it 
stable. 

Hypnogen. See veronal. 

Hydraldite A See hydrosulphite N.F. 

Hydraldite a See hydrosulphite N.F, extra 

Iaohlol. —Silver fluoride. 

Ichthargan. —Silver ichthyolsulphonate (30 */• 
Ag). 

Xchthennol. —Mercury compound of ichthyoL 
IChthosulphoL —Ichthyol. 

Iohthynal. See ichthosulphol. 


Ichtbyolidin. —Piperarine ichthyolate. 
Ichtfcyol-ealicyt —Mixture of ichthyol and sodiudt 
salicylate. 
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Imogtn. —Sodium diaminonaphtholsulphonate, 
(NH a ) a C 1 oH 5 (OH)S0 3 Na. 

Indoform. —Salicylic methylene acetate ; from 
formaldehyde and acetylsalicylic acid. 

Inirtpin. —Diglycollic ester of quinine sulphate, 
(CHaCOO.CaoHgjNgOlaO.HgSO^sHaO. 
Iodanytol. —io °/ c solution of iodine in anytin (a 
33 % solution of ichthyol). 

Iodelgon.— Albumin preparation containing iodine. 
Iodin. —Iodised arachis oil. 

IodinoL —Iodised sesam^ oil. 

Iodival.—Monoiodoisovalery lurea, 

(CH,) a CH. CHI. CO. NII. CO. NH ? . 

Iodocol. —Prepared from guaiacol and iodine in 
sodium iodine. 

Iodofian.—Monoiododihydroxybenzene - formalde¬ 
hyde. 

IodogUdine. —Preparation of wheat gluten con¬ 
taining io •/. I. 

Iodoglobin. —Di-iodotyrosine, 

HO.C 6 H 2 I 2 .CH 2 .CH(COOH)NH 2 . 
Iodogluten. —Preparation of vegetable albumin 
containing 8 ®/ 0 I. 

Iedolen. —Combination ofiodol (tctra-iodopyrrole) 
and albumin; contains 30 °/ 0 idol. 

Iodolin.—Quinoline chloromethyliodochloride, 
C 9 H 7 N(CII,C 1 )C 1 I. 

Iodollnum. See iodolin. 

IodolyBin. —Preparation similar to tiodine; con¬ 
tains 43 7„ thiosinamine and 47 °/ 0 
Iodomenlm. —Iodised casein containing bismuth 
(10 7 0 I). 

Iodophenin. — Tri -iodophenacetin. 

Iodoprotein. — Albumin preparation containing 

10 7 . I. 

IodozoL —Di-iodo-/-phenolsulphonic acid, 
G 5 H a I a ( 0 H)S 0 8 H, 3 H 2 0 . 

Iodylln. —Bismuth iodosalicylate. 

Iodylolonn.— Iodised gelatin (10 0 / o I). 

Iohydrin.—Di-iodoisopropyl alcohol, 
CH 2 I.CH(OH).CH a L 
ZothioiL See iohydrin. 

Isarol. —See ichthosulphol. 

Isoform, -p- Iodoxyamsol, CII s O. C 6 H 4 . IO* 
Isopral. —Trichloroisopropyl alcohol, 
CC 1 3 .CH( 0 H).U 1 3 . 

Istisln.—1.8-Dihydroxyanthraqninone. 

JecovoL—Emulsion of cod-liver oil with glycero¬ 
phosphates of sodium, calcium, and iron. 
Joha.—Solution of 40 7 « of salvarsan in iodinol. 
Kuchin .—A pyrocatechol photographic developer. 
XakodyDacol See cacodyliagol. 

Kalmopyrln.—Calcium acetylsalicylate, 

(C^HjO. OC 8 H 4 . COO ) 2 Ca. 

Xalxose.—Casein preparation containing calcium. 
KephaldoL —Preparation made from phenetidine 
and salicylic and citric acids. 

Kinstino.—Combination of quinine and hectine. 
Xineuxine.—Quinine glycerophosphate, 

C a H 7 O t H a P 0 8 (C e oH a4 N 2 0 2 ) 2 , 4 H a O. 
Koronlum bromide. —Strontium bromide, 
SrBr a ,6H a O. 

Krelos.—Mixture of tar distillates and rosin soap 
solution. 

KresegoL See cresegol. 

KmocteriL See cresosteril. 

Xryorenin. See crvoeenin. 

Kynnrin. —/-Hydrosyquinoline, C a H € (OH)N. 

LfcOtagol. —Powdered extract of cotton-seed. 
Jtefemtia.-"*Bismuth bilacto-monotannate. 

47 


Laoteol. —Preparation of lactic acid baccilli. 
Laetlgen. See lacteol. 

Lactillolde, See lacteol. 

Lactobaccilline. See lacteoL 
Lactone. See lacteol. 

Laxans. See purgen. 

Laxatol. See purgen. 

Laxen. See purgen. 

Laxoin. See purgen. 

Ledthol. —Lecithin from egg yolk. 

Lecutyl. —Combination of lecithin and copper 
cinnamate (1 *5 °/ 0 Cu). 

Lenicet. —Basic aluminium acetate. 

A 1 2 ( 0 H) a (C 2 H 3 0 2 ) 4 ,H 2 0 . 

Lentin. —w-Phenylenediamine hydrochloride, 
C fl H 4 (NH 2 ) 2 ,2HCl. 

Leptynol. — Colloidal palladous hydroxide sus¬ 
pended in sesam£ oil. 

yCII :CII 

Leucoline. — Quinoline, C 8 H 4 < 

\ N : CH 

Levurargyro.—Mercury compound of nudeopro* 
tein. 

Levuretin. —Dried yeast cells. 

Levurinose. See Ievuretin. 

Lipobromol. —Brominated poppyseed oil (33 7 © ) 

Lipoiodln. —Di-iodobrassidic acid ethyl ester, 
C^H^CI: CI.COAH,. 

Lithium - diuretin. —Addition product of theo* 
brominelithium and lithiumsalicylate, 
C 7 H 7 N 4 0 2 Li,PI 0 .C 6 H 4 .C 0 2 IJ. 

Lithyol. See ichthosulphol. 

Lodal. —An oxidation product of laudanosine. 
Lofotol. —Cod-liver oil charged with carbon di¬ 
oxide. 

Lucidol. —Benzoyl peroxide (C 6 II 8 .C 00 ) 2 0 2 . 
Luesan. —Glidine preparation containing mercury. 
Luminal. —Fhenyl ethyl malonylurea, 
C 2 H 8 \ r /CO.NII\ rn 
C 6 H ft /^\CO.NH/ UU 
Lycin. See acidol. 

Lygosln. —Di - hyd roxydibenzalacet one, 
IIO.C 6 H 4 .CH:CH) 2 CO. 

Lysocblor. Chloro-w-cresol, C 6 H 8 Cl(CII 3 )OII. 
Lysoform. —A liquid formaldehyde potassium soap. 
Magnesium perhydrol. —Mixture containing mag¬ 
nesia and 15 or 25 °/ 0 MgO a . 

Malonal. See veronal. 

Malourea. See veronal. 

Maltyl.—Dry malt extract; contains about 90 7 « 
of soluble carbohydrates. 

Maretin. —w-Tolylsemicarbazide, 

CII 8 .C 6 H 4 .NH.N1J.C0.NH 2 . 

MarlcoL —Magnesium ricinoleate, 

(HO. Cj 7 H 8a CO a ) a M g. 

MedinaL —Sodium compound of veronal. 
Melrubln. —Sodium 1 -phenyl-2.3-dimethyl pyra- 
zolone*4-aminomethan.* sulphonate, 

Cn H u N 2 0. NH. CH a . SO«Na. 

Melubrin. —Mercury salicylsulphonate. 
Menthophenol. — Mixture of phenol 1, menthol 3 
parts. 

Mercurloedleolo. —Double oleate of cholesterol 
and mercury. 

Mergal.— A combination of mercury cholate and 
albumin tannate. 

Merjodin. — Mercury di-iodophenol -/-sulphonate, 
(HO. C a H a I a . S 0 8 ) 2 Hg, 

Merlusan.—Mercury compound of tyrosine ($3 7 # 
Hg), C^HANHg. 

Merochlnal.—Mercury hydroxyquinolinesulpho- 

nate, (H 0 .C fl H 8 W.S 0 8 ) 2 Hg. 
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ttesotan. —Salicylic methoxy methyl ester, 
HO.C 6 II 4 .COO.CH a .OCH s . 

Methozin. —Antipyrine (phenyldimethyipyrazo- 

lone, 


^ h <S£ 


-CH 

vN(CH 8 ).C.CH 8 
Methylrhodin.—Methyl acetylsalicylate, 
CaHjj0.0.C fl H 4 .C0 8 CH 3 . 
Metoquinone, — Addition product of metol 
(methyl-/-aminophenol) and quinol, 
C 6 H 4 [HO(CHj)NH.C 6 H 4 .OH] 8 . 
Metramine. See hexamine. 

Migralgine.—Mixture of antipyrine 88, caffeine 
9, and salycylic acid 3 parts, fused together. 
Momordicine.—Elaterin, C^H^C^. 

Monotal.—Guaiacol methyl glycollate, 
CII a (OCH 8 ).COOC 6 H 4 .OCH 3 . 
Korphos&n.—Morphine methyl bromide, 
C n H l9 0 8 N.CH 8 Br,HoO. 
Mucogeene.—An anthraquinone derivative, 
C 1S H 16 N 2 0 2 C1. 

Mydriasine.—Atropine methyl bromide, 

CivHggNOjuCHgBr. 


Naphtholsalol.—/ 3 -Naphthyl salicylate, 
HO.C 8 H 4 .COO.C jo H 7 . 

Narcyl.—Ethy 1 marceine hydrochloride, 
C 23 H 86 (C 3 H 8 )N 0 8 ,HC 1 . 

Nargol.—Silver nucleinate (10 °/ 0 Ag). 

Nealpon. See pantopon. * 

Neoform. —Bismuth compound of tri-iodophenol, 
C 6 HgI a OBi(OH) 2 ,Bi 2 0 3 . 

NeoleptoL —Triformyltrimethylenetriamine. 
Neoplne. —Hydroxycodeine, C 18 H a N 0 8 ( 0 H). 
Neopyrin. —Valerylaminoantipyrine. 
Neo 8 alvarsan. —Sodium 3.3'-diamino-4.4'-dihy- 
droxy-arsenobenzene-formaldeh) de sulphoxy- 
late, 

NH..C < H a (OH)As.AH.C,H,(OH)NH(CH a O)SONa. 

Neosiode. —Iodocatechin (Ox H 14 0 8 , 3 H a 0 ) 8 l. 
Nerolin. — 0 -Naphthyl methyl ether, CjoId^O.CHg. 
Neuraltein. — Sodium /-ethoxyphenylaminome- 
thane sulphonate, 

C 2 U,O.C c H 4 .NII.CH 2 . SO a Na. 
Neuronal.—Diethylbromo-acetamide, 

(CjfHulgCBr. CO. N H 2 . 

Nitron. — 1.4-Diphenyl- 3.5-endanilodihydrotria- 
zole, 

N(C,H,y-N 

CH.N(C,H,).C 

\N(C,H,)/ 

Nizin. —Zinc sulphanilate, (NH2.C 8 H 4 .S0 8 ) a Zn. 
Ifovargan.—Protein preparation containing 10 °/„ 
Ag. 

Novaspirin. —Methylenecitrylsalicylic acid. 
Novatophan. —Ethyl 6-methyl-a-phenylquinoline- 
4-carboxyIate, C 6 II 6 . Ql^NiCHglCOOCy I 8 . 
Novifonn. —Bismuth compound of tetrabromo* 
pyrocatechol. 

Novocaine. —/-Aminobenzoyldiethylaminoethanol 
hydrochloride, 

,NH a .C 6 H 4 CO.O.CH 2 .CH 2 .N(C a H fl ),HCl. 
Novocol.—Sodium monoguaiacol phosphate. 
Nudeogen.—Preparation containing iron nuc¬ 
leinate and arsenic. 

Oleanodyne.— Preparation containing oleic acid, 
aconitine, atrophine, morphine, and veratrine. 
Oleoguaiacol. —Guaiacol ojeate, 

CH,0.C a H 4 0.€b*C l »H| r 


Omnopon. See pantopon. 

Omorol. See novargan. 

Optochin. —Ethyl hydrocupreine. 

Orexin. —Fhenyldihydroquinazoline. 

C « H *'\CH a / NC « H »- 
Orsudan — Sodium methyl acetyl-/-aminophenyl- 

arsinate, 

C 2 H 8 O.NH.C 6 H ? (CH a ).AsO(OH)(ONa). 
Ortizon. See hyperol. 

Ovoferrin.—Vitellin preparation containing iron. 
Oxylith.—Sodium peroxide. 

Oxynttn.—A combination of albumin and hydro¬ 
chloric acid. 


Palmiacol. See cetiacol. 

Pantopon.—Mixture of the soluble hydrochlorides 
of opium alkaloids. 

Parabismut.—Bismuth paranucleinate. 
Paracodine. —Dihydrocodeine, 

C 17 II 18 (OCH 8 )(OII)NO. 

Paralysol.—Solid cresol preparation, 

C 8 n 4 (CH 8 )OK, 3 C 8 & 4 (CH 8 )OH. 

Paraxln —Dimethylamino-1.7-dimethy lxanthine. 

/N(CH 8 ).C.CO.N(CH 8 ) 
(CII 8 ) 2 N.c/ ji I 

^ N-C.NII.CO. 


Pegnine.—Preparation of lactose and rennet. 

Pellidol.— Diacetylaminoazotoluene. 

Pepsalia. —Preparation of pepsin and sodium 
chloride. 

Perbor&x. —Sodium perborate, NaB0 8 ,4lI a O. 

Perborol. See perborax. 

Perhydrlt. See hyperol. 

Perhydrol. —Solution of hydrogen peroxide, 100 
vol., or 30 % hy weight. 

Permid&n. —Dimethylaminopy razolone, 

c 6 h 9 n 8 o. 

Pbenalgln. — Phosphoam monioaccetanilide. 

Phenamine. —Ammo-acet-/ - phenetidine hydro¬ 
chloride, 

C ? H s O. C 6 H 4 . NH. CO.CHj.NH,, HC 1 . 

Phenolax. See purgen. 

Phenofeal. —Monophenetidide of salicylacetic acid. 

COOH.C 6 II 4 .O.CH 8 .CO.NH.C 8 H 4 .OC a H i . 

Phenoval. — Bromovalerylphenetidine, 

C 4 H 8 Br. CO. NH.C 6 H 4 . OQH*. 

Phenyform.—Condensation product of phenol 
and formaldehyde. 

Phenylon. See methozin. 

PhobroL—50 7 o solution of chloro-w-cresol In 
potash castor oil soap. 

Photoxylin. See celloidin. 

Piorastol. — Dimethyloldiform vlmethenyltetrame- 
thylenepentamine, C 8 H 1 7N 5 0 4 . 

PicratoL— Silver picrate. 

Pinakol.—A pyrogallol photographic developer in 
which part of the alkali usually employed it 
replaced by sodium aminoacetate. 

Piral.—Pyrogallol, C 6 H 8 (OH) 8 . 

Plecavol.—Consists chiefly of *>-aminobenzoyleu- 
" genol, NH a .C 8 H 4 CO.O.C 8 H t (C > H # )OCH 8t 
tricresol (a mixture of the three cresolt), and 
formaldehyde. 

Pleittopon.- Similar to pantopon, except that it 
contains no narcotine. 

Pneumin. —Condensation product of creosote and 
formaldehyde. 

Pneumoe&n. —Amyl tliiotrimethylam i ne. 

Propstain.—Propyl ester of/-aminobentoic *cJcL 
N H 2 .C # H 4 .C 00 C 8 H 7 . 
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Proponal. —Dipropylbarbituric acid, 

(C,H,) a c<(gg;^).co 

Proposote. —Creosote phenylpropionate. 
Protos&l.— Salicyclic acid glycerol formal ester, 

o.ch 2 .o 

HO.C 0 H 4 .CO.O.CHg.CH- CIl* 
Protylin.— Albumin preparation containing phos¬ 
phorus. 

Purgatln. —Anthrapurpurin diacetate, 
C 14 H fi 0 2 ( 0 H)( 0 .C 8 H 8 0 ) s , 

PurgatoL See purgatin. 

Purgen. — Phenolphthalein, 

C. 

Pyoktanin.— Methyl violet, 

LC fl H 4 .N(CH 3 ) 2 ] 2 (C c H 4 .NH.CHj)C.Cl. 
Pyracetosalyl.—Addition product of antipyrine 
and acetylsalicylic acid, 

C n H 12 N a O + CgfLO. 008 ^. 00011 !. 
Pyrobromone. —Bromodimethylaminoantipyrine. 
Pyronal. —Antipyrine salicylacetate, 

CnI I 12 N a O, IIO. C e H 4 CO. CHg. CO OII. 
Pyrophan.—Combination of pyrogallol and dinie- 
thylamine. 

Quietol.— Dimethylaminodimethylisovalerylpropyl 
ester hydrobromide. 

Quinapheniii —Phenetidine quinine carbonicester, 
CO(NH.C 6 H 4 .OC 2 H 5 )(C a0 H 8S N 2 O 2 ). 
Quinapbtbol. —Quinine £-naphtholsulphonate, 
CiqH 8 . SOjI I ) 2 . 

Quineonal. —Compound of quinine and veronal. 
Quinine lygoslnate. —Dihyd roxydibenzalacet one - 
quinine, 

CO(CII: CH.CcII.OH.CaoH^NAV 
Quinoform. — Quinine formate, CgoH^NgOg, 
HCOOH; also a condensation product of 
cinchotannic acid and formaldehyde. 
Quinopyrin. —A combination of antipyrine, 2, and 
quinine hydrochloride, 3 parts. 

Quinoebl. — Mixture of hydroxyquinoline and 
potassium sulphates, CyllgNOSO^K^HgO. 
Quinotropln. —Hexamethylenetetramine quinate, 
QH^CBH^OHhCOaH. 


Eegulin,— Broken-up agar-agar with 25 °/ 8 of 
Cascara-extract. 

Resaldol. —Resorcylbenzoic acid ethyl ester, 
(HO) 8 C 6 H a .CO.C,H 4 .C 0 2 C 2 H 6 . 

Bexotan. —Methylenhtanmn-urea, 

Cj4HA.CHg.NH.CO.NHj,. 

Rheumatin.— Saloquinine salicylate, 

HO. C 4 H 4 . COO. CaoHggNgO, C 6 H 4 ( O H)COOH. 

Rhodaform. — Addition product of hexamethy¬ 
lenetetramine and methyl thiocyanate, 

c 6 h 19 n 4 ,cii 3 cns. 

Riopan. —Soluble brown powder containing 5 o °/ 0 
of ipecacuanha alkaloids ip the form of their 
hydrochlorides. 

Rongattt* 0. See hydrosulphite N. F. extra. 


Salimenthol.—Menthyl salicylate, 
HO.CeH 4 .COOC,pl I, 2 . 

Salit.—Bornyl salicylate, HO.CeH 4 .COO,C 10 II lt 

Salocreol. See salicreol. 

Baloquinine. —Salicylquinine, 

HO.C 6 H f CO 2 .C 20 H 2S N 2 O. 

Salufer.—Sodium silicofluonde. 

Salvarsan. — Di hydroxy diamin oar se nobenzene 
dihydrochloride, HCl.NH 2 (OH)C 9 H a .As.As. 
C 6 II,( 0 H)NH 2 .HC 1 , 2 H 2 0 . 

Salvarsan, New. See neosalvarsan. 

Santheose. —Theobromine, C 8 H 2 (CH 3 ) 2 N 4 0 2 . 

BantyL—Santalyl salicylate, 

HO.C 6 H 4 .COO.C 15 H 23 . 

Bauerln.—Preparation of lactic acid baccilli. 

Bavore. — Preparation of milk, cereal proteins and 
albumoses, and carbohydrates. 

Scopomorphine.—Sterilised solution containing 
per c.c., 0 ‘Ooo 6 grm. of euscopol and 0*015 
grm. of morphine hydrochloride. 

Sedeff. — Effervescent preparation containing 
opium, bismuth, and digestive ferments. 

Sexwatdn. — Preparation containing the active 
principles of senna leaves. 

Sennax. — Preparation containing the water- 
soluble glucosides of senna leaves. 

Sidonal, New.—Mixture of qumic acid, 

C 6 H 7 ( 0 H) 4 C 0 2 H, and its anhydride. 

Soamizi.—Sodium arsanilate, 

NH 2 .C 6 H 4 .AsO(OH)(ONa), 5 H 2 0 . 

Solurol.—Thyminic acid (nucleotin phosphoric 
acid), C 3 oH 46 N 4 0 1 5(P 2 0 5 )2- 

flomnoform.—Mixture of ethyl chloride 60, 
meth>l chloride 35, and ethyl bromide 5 °/«* 

Sophol.—Silver formonucleinate (20 °/ 0 Ag). 

Spirarsyl.— Sodium salt of arsenophenylglycine, 
(C 0 2 Na. CH 2 . Nil. C J? H 4 ) 2 As 2 . 

Spirosal.—Monoglycol ester of salicylic acid, 

H O. C 6 H 4 . COO. C 11 2 . Cl I 2 011 . 

Stearosan.—Compound of santalol and stearic 
acid. 


Stovaine.—Hydrochloride of dimethylamino ter¬ 
tiary amyl benzoate, 

C 4 H 8 COO. C(CH a )(C 2 H 8 )C H 2 N (C 1 I 8 ) 2 , HC 1 . 

Styptol.—Cotarnine phthalate, 

(C^H^N 0 8 )g, C 8 H 4 ( COO H )2* 

Subcutin. —Ansesthesin phenolsulphonate, 
CeH^COOCaH^NHaJlO.CeH^SOjjII. 

Bublamine.—Mercuric ethylenediamine sulphate 
(43 7 . Hg). 

Sucramine.—Ammonium salt of saccharin. 

Billfold.—Preparation of colloidal sulphur (So */• 
S) with an albuminous substance as protective 
colloid. 

Sulphoform.—Triphenylstibine sulphide, 
(C 6 II 8 ) a SbS. 

Suprarenaline. See epinephrine. 

Bnprarenine. See adrenaline. 

Synthalin. — Piperonylquinolinecarboxylic acid 
methyl ester, CH 2 0 2 .C e H a .C B H 8 N.C 00 CH a . 

Syrgol.—Colloidal silver. 


Babromine.—Calcium dibromobehenate(29 7, Br), 
(CassH 4 jO^Br 2 ' a Ca. 

ialodln.—Calcium monoiodobehenate, 

(C.HADA 

Bdlaoetin. Sec acetosal. 

Salefcin. See acetosal. 
BlUibroanln,^Dibromosalicylk methyl ester, 
C 9 HgBrg(OH)COOC Hg. 

Stfteroal. —Creosote salicylate. 


Taobiol.—Silver fluoride. 

Tanargan —A combination of tannin and silver 
al» nminate. 

Tanninphenolmethane. —Condensation product of 
tannin, formaldehyde, and phenol. 

Tannlntbymolmetlume.-—Condensation product 
of tannin, formaldehyde, and thymol. 

TannlBmutb. —Bismuth bitannate. 

Tannlsol.—Methyieneditannin (C 14 H a O a ) a CHg. 
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Tannobromino.—A combination of dibromotannin 
and formaldehyde. 

Tannocreosofonn. — Condensation product of 
tannin, formaldehyde, and creosote. 

Tannoguaiaform. — Condensation product of 
tannin, formaldehyde, and guaiacol. 

Tannothymal. See tanninthymolmethane. 

Tannyl. —Oxychlorocaseir tannate. 

Tenosin.—Solution containing, per c.c., 0*0005 
grm of 0-iminazolylethylaniine and 0*02 grm. 
of ^-hydroxyphenylethylamine. 

TestUodyL—Combination of coagulated blood 
albumin and iodine. 

Theobromose. — Lithium compound of theo¬ 
bromine, C 7 H 7 N 4 O a Li. 

Theoctn.—Sodium compound of theobromine, 
C 7 H 7 N 4 0 2 Na. 

Theolaetln.—Addition product of theobromine- 
sodium and sodium lactate. 

Tbeoaalin.—Addition product of theobromine- 
sodium and sodium sulphosalicylate, 
QH 7 N 8 0 aNa, CfHgOg. S 0 3 Na. 

Thephorin.—Addition product of theobromine- 
sodium and sodium formate, 

C 7 H 7 N 4 0 2 Na, HCO a Na, I I a O. 

Thermlol.—Sodium phenylpropiolate, 

C e H fl .C • CXCOgNa. 

Thialion.— Preparation containing sodium sul¬ 
phate (26 7 ), citrates of sodium (56), potas 
sium (3) and lithium (3), sodium chloride (3), 
and water (9 °/ 0 ). 

Thlgenol. —Sodium salt of ichthoform (condensa¬ 
tion product of ichthyol and formaldehyde). 

Thlopbysem. See tiodine. 

Thol&form.— Mixture of equal parts of menthol 
and trioxymethvlene. 

Throphleol.—56 7 solution of erythrophleine 
hydrochloride (from casca bark) in eugenol. 

Thymatol.—Thymol carbonate, CO(O.Cj 0 H 13 ) 2 . 

Thymegol.—Mercury potassium salt of thymol 
sulphonate. 

Thymolin.—Mixture of naphthalene 18, camphor 
I, and thymol 1 part. 

Thymoloform.—Condensation product of formal¬ 
dehyde and thymol. 

Thymol.— Santalol methyl ether, CuHggO.CH.,. 

Tiodine.—Thiosinamine ethyl iodide, 
C t H 6 .NH.CS.NH 9 ,C B H 8 I. 

Toxynon.—Sodium w-acetylaminomercuribenzo- 
ate, Hg0H.C € H a (NH.C2H 3 0)C0 2 Na. 

TrlcalooL—Colloidal combination of tricalcium 
phosphate and albumin, 

Trleaxbin. See glycarbin. 

Triferrin. See ferrinol. 

Trlgemln. —Compound of butyl chloral hydrate 
and pyramidone (dimethylaminoantipyrine). 

Trilactino,—Preparation of lactic acid bacilli. 

Wnltiln.—Nitroglycerin. 

Trlxldln.—An emulsion of antimony trioxide 
<30 

Ttyen. See gnsenn, novum, 

Trygase.—Dried yeast cells. 

Trypan Red.*— Prepared from tetrazotised benzi- 
dsnesulphonic acid and 2 mols. of sodium 
naphthylaminedisulphonate, 

(SO s H)C e H 8 . Ng-OoHitSOgNaJaNH, 

QH 4 . Ng.Cj d H 4 (SO a Na)jN H*. 


Tryparosan.—Chlorinated parafuchsin. 

Tylcalsin. See kalmopyrin. 

Tyillthin. See apyron. 

Tyimarin.—Acetyl-<?-coumaric acid, 

C 8 H,O.OC a H 4 .CfI tCU.COgH. 
Tylnatrin.—Sodium acetylsalicylate, 
C 2 H 3 O.OC 6 iI 4 .COONa. 

Tyramine. —11 ydroxyphenylethylamine hydro* 
chloride, HO.C fl H 4 .C a H 4 .NH 2 ,HCl. 


Ulmarene. See mesotan. 

Unal.—Alkali salt of /-aminophenol hydro¬ 
chloride ; rodinal is the concentrated solution. 

Uraminoantipyrin. — Antipyrylurea, 
NH l .CO.NlI.C 11 lI ll N a O. 

Urapurgol. See helmitol. 

Urea-bromine —Combination of urea and calcium 
bromide (36 7® BrhifCCKNHa^CaBrjj, 

Uritone. See hexamine. 

Urocitral.—Addition product of theobromine- 
sodium and sodium citrate. 

Urodonal.—Granular preparation of hexamethy¬ 
lenetetramine, sidonal (piperazine quinate), 
and lysidine (methylglyoxalidine). 

Urogenin.—Additiou product of theobromine and 
lithium hippurate, 

C 7 H 8 N 4 0 a ,C 6 H 5 .C 0 ,NH.CII 2 .C 0 2 Li. 

Urol.—Urea quinate. 

Urosin.—Lithium quinate, C<jH 7 (OH) 4 COOLi. 

Urotropine, New. See helmitol. 


Valamin.—Isovaleric ester of tertiary amyl 
alcohol. 

V&le&rin. —'Valeryltrimethylarnmonium chloride. 
Valis&n. — Bornylbromoisovalerate, 

C 4 1 i 8 BrCO. OC 10 11 J7 . 

Valyl.—Valeric diethylamide, 

C 4 H a . CO. N (C 2 11 5)3. 

Veronal. — Diethyl barbituric acid (diethylmalonyl- 

urea), 

nh>CO. 

Veropyrin.—Mixture of dionine (ethylmorphine 
hydrochloride) 0*01, veronal-sodium 0.2, and 
kalmopyrin, 0*5 part. 

Vesalvine. See hexamine. 

Vesipyrine.—Phenyl acetylsalicylate, 
CH 3 .CO.OC e H 4 .COOC 6 H 8 . 
Vimopyrln.—/-Phenetidine tartrate. 

Vioform.—Hydroxyquinoline chloroiodide, 
C 9 H e N(OII)ICl. 

Vitafer.—Preparation of milk and glycerophos¬ 
phates of calcium and sodium. 


Xaxa. See acetosal. 

Xaxaquin.—Quinine acetylsalicylate, 

Cao H^NgOa.CHgCO. OC e !I 4 . COOH. 


Yara-yara. See nerolin. 
Yatren. See griserin, novum. 


j?ymin.—Special dry powdered yeast 
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Acetates, 331, 332 
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— amyl, 383, 305 
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— butyl, 383 

— calcium, 326, 330, 526; see Calcium 

acetate 
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— ethyl, 143. 25 «, 3 8 2 . 383 
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— iron, 332 

— lead, 331,33a, 526 

— lime, 326, 328, 330, 526; see Calcium 
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— series acids, 20 
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Acetone, 222, 225, 330, 333, 359, 366^, 366/, 
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tion, 366, 435 ; solvent for acetylene, 
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— dtlorofbrm } 380, 608 
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Acetyl value, 55 ; of hardened oils, ioq^ 
Acefcylatoxyl, 613 


Acetylene gas, 401-407; acetone cylinders, 401, 
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explosions of, 401; generators, 402; heat of 
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from, 366 d ; manufacture, 401, properties, 
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— burners, 405 

— flames, 401 

— illuminating, 60, 401, 403, 404, 405, 408 
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Acid, abietic, 199, 200, 338, 339 

— acetic—see Acetic acid, Acetates 

— acetylsalicylic, 606 

— acrylic, 21 

— adipic, 366c 

— .ethanthylic, 20 

— alizarin, 553 

— amidobenzoic, 430 

— aminonaphthol sulphonic, 433 

— aminophenylarsonic, 613 
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— anthranilic, 430, 460 
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— behenic, 20 

— benzenedicarboxylic, 430 
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— benzene disulphonic, 431 
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— carminic, 485 

— carnaiibic, 20 
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— chlorosulphonic, 431 

— citric—see Citric , acid Citrates 

— Clfcves, 444, 447 

— cresync— see Cresoi 

— crotonic, 21 
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Acid, cyanoacetic, 616 

— diethylbarbituric, 609 

— elaeomargaric, 21, 45 

— elacostearic, 21 

— ellagitannic, 573 

— euxanthic, 486 

— formic—see For mu acid 

— fulmmic, 637 

— fuming sulphuric, 431 

— gallic, 489, 490 

— gallotannic—see Gallotannic acid 

— hyaenic, 20 

— hydrofluoric, 291, 354 

— hydroxyphenylarsomc, 614 

— hydroxy stearic, 98, 99 

— hypogaeic, 21 

— mdanthrene sulphonic, 455 

— indigo sulphonic, 461 

— indoxylic, 460 

— iso-crotonic, 21 

— iso-oleic, 92, 95 

— isovaleric, 384 385 

— lactic—see Lai ttc acid 

— laevulinic, 358, 366, 366* 

— lanuginic, 532, 547 

— lauric, 20, 42, 74 

— Imoleic, 21, 63 

— linolic, 21 

— mandelic, 607 

— margaric, 20 

— medullic, 20 

— melissic, 20 

— methionic, 381 

— methylanthranilic, 460 

— myristic, 20, 74 

— naphthyiamine sulphonic, 432, 433 

— naphthylene-disulphonic, 432 

— nitrating, 423, 620; see also Nitrating 

acid 

— nitric, 424,620, 624, 625 ; see Nitric acid , 

Nitrating acid 

— nitrotoluene sulphonic, 432 

— nondecylic, 20 

— oleic—see Oleic acid 

— oxalic—see Oxalic acid 

— oxystearic, 90, 92, 95 

— palmitic, 74,89, 94, 95, 99; see also Pal¬ 

mitic acid 

— paranitrobenzoic, 435 

— pentadecatoic, 20 

— perlagonic, 20 

— phenyl acetic, 136 

— phenylglycine~0-carboxylic, 459, 460 

— phenylhydrazine-/-sulphonic, 433 

— phthalic, 430, 460 

— picric—see Picric acid 

— propionic, 20 ? 330, 331 

— protocatechuic, 485 

— rapic, 44 

— recinoleic, 21 

— salicylic, 245, 430 

— santoninic, 614 

— sericinic, 532 

— stearic—see Stearic add 
—* succinic, 251 


Acid, sulphanilic, 432 

— sulpbostearic, 98 

— sulphuric—see Sulphuric add 

— tannic—see Tannic add 

— tartaric—see Tartaric acid 

— thiosalicylic, 458 

— tiglic, 21 

— tridecylic, 20 

— undecylic, 20 

— valeric, 20 

— xylidene sulphonic, 432 
Acid anthracene (dye), 553 

— chrome colours, 553 

— colour lakes, 510 

— drench, 581 

— dyes, 546, 547 

— eosin, 547 

— green, 656 

— magenta, 469, 531, 547 

— phloxin, 547 

— rhodamine, 547 

— values, 54, 62 

— violet, 470, 547 

— wool dyes, 442 

— yellow, 442 

Acids, acetic series, 20; aliphatic, 369-374; 
amido, 259; aromatic, 429-430; butter, 
74; estimation in wine, 250; fatty 
aromatic, 92,93; fatty (see Fatty acids) ; 
sulphonic, 431-433; volatile, 126, 250; 
waste, revivification of, 625 
Acidity, removal from wine, 245 
Acidylaminoanthraquinones, 458 
Acorn galls, 490 
Acrylic acid, 21 
Acridin, 420, 428 
Acridine dyes, 478-479, 655 

— yellow, 478, 479 
Acrospire, growth of, 256 
Adant process for cube sugar, 166 
Addison’s disease, 612 
Adhesive power, testing, 184 

Adhesives, 79, 180,183, 184, 211, 346, 593-596 
Adipic acid, 366c 

— acid amide, 366^ 

Adjective dyes, 531, 533 

Adrenaline, 601, 620-6x2; clinical uses, 612; 
dextro, 61 x, 612 ; extraction from supra¬ 
renal glands, 611; laevo, 611, 6x2; 
racemic, 61 x ; resolution of racemic, 6t x; 
synthetic, 611; 

Adsorption, 533; colloidal, 548; compounds* 
533 

Adurol, 659 

Aerated waters, 249, 250 
Aerating cisterns for steeping, 258 
Aethanthylic acid, 20 
Aethantbylin, 20 
Affination process (sugar), 164 
African rubber, statistics, 365 
After-fermentation, 244,292 
After-flame ratio, 635 
After-treatment of dyes, S45 
Agar-agar gelatine, 2x4, $96 
Agave fibres, 516 
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Ageing process, 551,557 
Agers, 544 
Agulite 200 
Air gas, 399 

Akridin dyes—see Acriditt dyes 
Aktiebolaget Henriksborg Fabriken, 100 n 
Albumen, 560, $97, 654 ; blood, 560; coagu¬ 
lation of, 597 ; decolourisation with, 164; 
decomposition of, 221; egg, 597; hydro¬ 
lysis of, 255, 259 ; milk, 68, 69, 72, 80, 
81; polymerisation of isoprene by, 366^; 
statistics, 597 ; uses, 597 

— colours, 560 

— papers, 661 

— powder, 180 

Albuminoids, coagulation of, 265 
Albuminoses, 77, 221 

Alcohol, ethyl alcohol, ordinary alcohol, 
278-313 ; action of sulphuric acid on, 
381; aldehyde from, 374; benefit to 
agriculture of, 281; boiling point of, 
295 ; concentration producible by yeast, 
228 ; consumption per head of popu¬ 
lation, 279 ; cost of production, 279 ; 
dehydration by, 639; denatured, 278, 
279; distillation of, 295-311 ; ether from, 
380-382; estimation of, 250, 312, 313; 
extraction plant, 133; for collodion 
manufacture, 281 ; for ether manu¬ 
facture, 281; for heating purposes, 279 ; 
for motor fuel, 279; for varnishes, 
281 ; heating value, 279; incandescent 
light from, 279, 408 ; industrial, 278-314 
(see Industrial alcohol) ; Pasteurisation, 
305 ; percentage of, in beers, 277, iy 
mashes, 275, 295, in wines, 246, 248, 
in worts, 275, 295 ; poisonous effects of, 
228, 279, 280; production from acety¬ 
lene, 283; production from beet, 292, 
293, from carob beans, 283, from cereals, 
280, 281, 282 ; production from corn, 
283, 284, from ethylene, 283, from grape 
sugar, 221, from maize, 284, from 
molasses,293; production from potatoes, 
181, 280, 281, 282, 283, 284 ; production 
from starchy materials, 280-283, from 
sugary materials, 280, 283, from wine, 
280, 283; production from wood, 187, 
195,294; pure, preparation of, 296; raw 
materials of, 280, 283, 284 ; solvent pro¬ 
perties, 35, 133,3$°, 359J specific gravity, 
279, 313; stability of alcoholic liquors, 
245, 246, 275 ; statistics, 280, 281; stor¬ 
age of; 311, 312 ; taxation, 280; testing, 
250, 312, 313; uses, 278; yield from 
starch, 292, 293 
Alcohol lamps, 279, 408 

— motdrs, 279 

— transparent soaps, 112*114 
Alcohol-ether, 212,641; recovery process, 641 
Alcoholic enzymes, 227 

**- fermentation, 221, 222, 226; rate of, 239, 
2403 see also Beers, Spirits , Wine 
-^poisoning, 279, 280 
~~ strength of beers, 277; of mashes, 275, 
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295 ; of wines, 228, 246, 248 ; of worts, 

275, 295 

Alcoholometry, 312-314 
Alcohols, different sorts :— 

Allyl, 330 

Amyl, 251, 298, 307, 3x4, 366*-, 366 d, 383 
Butyl, 226, 251, 298, 314, 366, 366^ 

Cetyl, J2 

Essential oil, 133, 134 
Ethyl—see Alcohol 
Heptyl, 251 
Hexyl, 251 

Isoamyl, 366c, 366 d* see Amyl alcohol 

Isobutyl, 251 

Isopropyl, 435 

Methyl, 294, 332-333 

Octo-decyl, 52 

Perfuming, 136 

Propyl, 251, 298,314 

Alcohols, combinations with calcium 
chloride, 136 

Aldehyde, 300, 306, 316, 376 (see also 
Acetaldehyde ); butadiene from, 366 b; 
estimation of, in spirit, 313; synthetic 
rubber from, 366^, 366^ 

Aldehydes, aliphatic, 374-376; aromatic, 429; 

perfuming, 137; separation of, 136 
Aldol, 366 

Ales, brewing waters for, 266; composition 
of, 277 ; yeasts for, 229 
Aleppo galls, 490 
Aleurites cor data, 45 
Aleuronate, 180 
Algarobilla, 573 

Algole blues, 556; Bordeaux, 556; green, 
556 ; grey, 556 ; orange, 556 ; pink, 556 ; 
reds, 556; scarlet, 556; yellows, 556 
Aliphatic acids, 369-374 

— chemicals, 369-385 

Alizarin, 439, 451, 548, 552 * 553 ; dyeing 
processes, 552-553; lakes, 552; statistics, 
440 

— astrol, 453 

— black, 424, 553 ; P, 454 ; S, 480, 454 

— blue,454, 553 ; BB,453 J GR, 453 ; S, 454 ; 

bisulphite, 655 

— Bordeaux, 452, 553 

— brown, 452 

— cyanine, 553 ; R, 452 

— cyanine green, 453 

— cyclamin, 553 

— garnet R, 452 

— green, 553 * 454 ; S, 454 

— heliotrope, 553 

— indigo blue, 454 , 553 5 S, 454 

— irisol, 453 

— maroon, 452, 553 

— orange, 452 , 553 

— pure blue, 453 

— red S, 452 ; 3WS, 452 

— saphirol B, 453 

— sky blue, 553 

— yellow, 553 5 A, 480; C, 480; FS, 449; 

GG, 443 
Alkalet, 385 
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Alkali blue, 469, 547 

— violet, 547 

Alkaloids of decay, 224; purine, 616; 

vegetable, 615, 616 
Alkalisite, 636 
Alligator skins, 569 
Allsopp, 253 
Allyl alcohol, 330, 332 
Allylisothiocyanate, 138 
Almond oil, 43, 54, 57 » 61, 62 
Alpaca, 517 * 

a-eucaine, 605 
Altar candles, 97 

Alum, 87, 5°2, 547 J action on glue, 593, 594, 
595 ; impregnation with, 190, 191 ; non- 
inflammable fabrics from, 527 ; sizing 
with, 199, 200; soap precipitant, 123; 
waterproofing with, 526; use as 
mordant, 550; tanning agent, 588 ; see 
also Aluminium sulphate 

— tannage, 588 
Alumina, in water, 266 

— sizing, 199, 200 
Aluminium, hydrogen from, 406 

— acetate, 331, 526, 549, 557 

— mordants, 549, 550 

— pigments, 504, 505 

— powder, 504, 636, 638, 657 

— rosinate, 199 

— silicate, 366** 

— soaps, 101, 526 

— sulphate (see also Alum), decolourisation 

by, 164, 594; impregnation with, 190, 
191; use as mordant, 550 
Alypine, 604 

Amazona rubber statistics, 365 
Amber, 347-348; adulteration, 347; con¬ 
stants, 350 ; solubility, 349, 350 ; specific 
gravity, 350 

— cane, 169 
Amberite, 646 

American naphtha, 8 ;oil, 9, 10; petroleum, 
4, 5 ; turpentine, 338 ; amidazol, 546; 
amide powder, 620 
Amides, 221, 259, 273 
Amido acids, 255, 259 
*— compounds, 435 
Amidoacetate, sodium, 659, 660 
0-Amidobenzoic acid, 430 
Amidol, 6$8 

^-Amidodiphenylamine, oxidation, 557 
Amidophenol, 427 
<?-Amidophenols, dyes from, 443 
Amidophenetol cyanate, 171 
^-Amidosaligenin, 658 
Amidotriazmesulphonic add, 171 
Amine bases, 251 

Amino - acid soap — see Protein soap, 
116 

Ammoethylglyoxaiine6i 3 
Aminonaphthol, 428 

— sulphonic acid, 433 
Aminophenols, 427 
Aminophenvlarsonic acid, 613 
Ammonal, 036 


Ammoncarbonite, 635 
Ammondynamite, 630 

Ammonia, 159, 189,202, 213, 294, 395 » 459 » 
605, 638; estimation; 408, 573; oxi¬ 
dation by bacteria, 225; presence 
in coal gas, 393-396; refrigerating 
plant for oils, 39; removal from 
acetylene, 400; saponification by, 93, 
109 

Ammonia dynamite, 644 

— nitrate powder, 644 

— soaps, 93, 109 
Ammoniacal liquor, 393 
Ammonite, 635 

Amniotic water of potatoes, 287 
Ammonium borate, 191 

— ferrocyanide, 395 

— nitrate, 636 

— nitrate explosives, 634-636 

— nitrate powder, 644 

— persulphate, 182, 660 

— phosphate, 95, 527 

— picrate, 633 

— salts, 95 

— soaps, 93, 109 

— sulphate, 190, 191, 395, 527 

— sulphoichthyolicum, 614 
Am vis, 535, 644 
Amygdalin, 221 

Amyl acetate, 49, 314, 383, 385, 410 

— alcohol, 251, 298, 300, 303, 314, 366^ 

366^/, 383 

— butyrate, 383, 385 

— caprionate, 384 

— chlorides, ^66d 
~ formate, 385 
Amylene hydrate, 380 
Amyl isovalerate, 383, 385 

— nitrite, 385 

— salicylate, 138 
Amylase—see Diastase 
Amylene chloral, 608 
Amylodextrine, 264, 265 
Amylomyces Rouxii, 286 
Amylopectin, 175 
Amylo process, 226, 286 
Amyloid, 187, 294 
Amyloins, 264, 265 
Amylose, 175 
Anacardiacece, 49 
Anacardium occidentals, 492 

— orientate , 492 
Anaerobic bacteria, 224 
Anaesthesine, 604 
Anaesthetics, 377, 378,602-606 
Analysers (stills), 297 
Anethol, 135, 137, 138 
Angelic acid, 21 

Angelica, 283 
Anglesite, 500 
Anglo-American presses, 27 
Angora wool, 517 

Aniline, 424-435, 439, 459 ,460,467, 4®9 5 ft* 
blue, 435 ; for red, 435; for safranio, 
425; oxidation of, 435, 557 
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Aniline black, 480; ageing process, 557 ; 
agers, 544 j dyeing processes, 544, 556, 
557 5 marking ink, 493 

— blue, 439,469,489 

— hydrochloride, 192 

— oils, statistics, 440 
Animal black, 38, 164, 505 

— charcoal—see Animal black 

— fats, classification, 39; differentiation 

from vegetable, 66; see Animal oils 

— fibres, 5i7-5«9 i dyeing, 532, 544 

— oils, 19 et seq.; differentiation from 

vegetable, 66; manufacture, 24-26; 
statistics, 22, 23, 24; varieties, 404 V 
5 2 ' 53 i 54-6 o 

— size, 203 ; see also Glue 

Animi, 347 ; constants, 350 ; virgin, 347 

Anisaldehyde, 137 

Aniseed oil, 135, 138 

Annatto, 75, 483, 485, 546 

Anschutz chloroform, 378 

Antheraa mylitta , 518 

Anthion, 660 

Anthracene, 419, 421, 451 

— blue, 452 

— brown, 553 

— dyes, 439 , 440, 45 * 45 $ 

— oils, 417 

— vat dyes, 439, 454-45$ 

— violet, 553 
Anthraflavic acid, 452 
Anthrafiavone, 455-456 
Anthragallol, 452 
Anthranilate methyl, 138 
Anthranilic acid, 430, 460 
Anthranol, 456 
Anthrapurpurin, 451 
Anthraquinolines, 454 
Anthraouinone, 421, 434,451 

— acridines, 458 

— blue, 553 

— g*een, 553 

— thioxanthones, 458 

— violet, 453 , 5*53 
Anthrarufine, 452 
Antichlor, 199 
Antifebrin, 606 
Antihypo, 660 
Antipyretics, synthetic, 606 
Antipyrine, 380, 383, 606 607 
Antiseptic, 380; in beer, 275 ; in wine, 245 ; 

influence on fermentation, 228, 241 ; 
wood tar, 330 
Anti-toxins, 224 
Antimonin, 319 
Antimony lactates, 319 
pigments, 508 
—* potassium oxalate, 370 
sulphide, 360, 508, 637, 657 

— vermilion, 508 
Antwerp blue, 502 
ApoUinaris, 250 

Apparel, waterproofed, 526, 527 
Apple essence, 385 
** oil, 3$4 
4S 


Apple wine (cider), 249, 250 
Apricot essence, 385 
Aprons, waterproofing, 527 
Aqua-dag, 12 

Arabi, gum, 346 ; see Gum arable, 346 

Arabinose, 141 

Arachidic acid, 20, 74 

Arachidin, 20 

Arachis hypogcea, 43 

Arachis oil, 22, 23, 24,43,6r, 62, 63, 65 ; see 
Nut oil 

Arc light, illuminating efficiency, 408 
Archil, 484 

— substitute, 547 
Ardol Co., 100 m 

Argol, tartaric acid manufacture from, 371,373 
Argols, 373 
Arm-board, 572 

Armour plate, cutting by acetylene, 404 

— scale paints, 502, 506 
Aromatic acids, 429-430 
Arrak, 225, 283 ; artificial, 382 
Arrowroot, 175, 176, 182b 

— starch, 178, 182^ 

Arsacetin, 613 
Arsamin, 613 

Arsenic pigments, 503, 508 

— organic compounds, 601 

— sulphide, 508 

Arsenophenylglycine (“418”), 614 
Arctic sperm oil—see Bottlenose oil 
Artificial bone, 210, 211 

— cognac flavourings, 384 

— cognac oils, 383 

— essential oils, 135, 136-138 

— fibres, 215 

— hair, 215 

— hemp bast, 2 x 5 

— honey, 168, 169 

— horn, 210, 211 

— ivory, 210, 211 

— leather, 589 

— musks, 138 

— sago, 182^ 

— shellac, 210, 211 

— silk, 187, 207, 212-216, 629; cupram- 

monium process, 213; dyeing, 546; 
incandescent mantles, 406; properties, 
215; statistics, 188; strength of, 215; 
tests for, 216 ; uses, 215 ; viscose process 
of manufacture, 214 

— sweetening chemicals, 171 
Arylmethane dyes, 466 

Ash of oils, 12 

— of yeast, 227 

Asia Minor, vine cultivation, 242 
Asparagine, 259 
Aspergillus glaucus, 225 

— niger, 225 

—- oryzee, 225, 249 
Asphalt, 5, 15, 18 
Asphaltum constants, 350 
Aspirin, 606 
Asses’ milk, 67 
Astra butter machines, 73 
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Astralagus, 346 
Atlas powders, 644 
Atoxyl, 613 

Atropa belladonna , 603, 615 
Atropine, 603, 615 

Attar of roses, 133; synthetic, 136; see Otlo 
of roses 

A //(henia llama , 517 

— /wo, 517 

— vicugna , 517 

Auramine, 548, 656 ; G, 467 ; 0 , 656 
Auramines, 466, 467 
Aurantia, 479 
Auripigmentum, 508 
Aurine .68 

— series, 470 
Aurophenium, 657 
Australene, 338 

Australia, vine cultivation, 242 
Autochrome plates, 654 
Autoclaves, 425 

Auto-digestion of yeast, 227, 240; rate of, 
240 

Autofermentation—see Auto-digestion 
Avery’s lactic acid process, 318 
Azide, lead, 638 
Azides, 638 

Azoalizarine Bordeaux W, 447 
Azochromine, 443 
Azococcine 2R, 442 
Azo colours, 439 

— dyes, 441-451, 473; dyeing processes, 

558-559; manufacture, 441-442 ; photo¬ 
graphic sensitisers, 655 
Azofuchsine B, 443 
Azo green, 470 
Azolitmin, 485 
Azophore red, 5 58 
Azotoluol, 435 
Azurite, 503 

B 

Babool, 573 J P^s, 581 
Bacillus acidi lactici ’, 318 

— brocapricus , 320 

— butyricus , 225 

— erodiens , 580 

— subtilis , 320 

— viscoses , 245 

Bacteria, 219, 223-225; acetic acid, 224; 
acetone, 225 ; anaerobic, 224; butyl 
alcohol, 225, 3141 333 > butyric acid, 225, 
291, 320; classification, 223; injurious 
in mashes, 291; mannetic, 291; methy¬ 
lene blue test, 72; mucic, 291 ; nitrogen¬ 
fixing, 225 ; pathogenic, 224; proteolic, 
225 

Bacteriaceae ? 223 
Bacterial poisons, 224 
Bacterium aceti , 224, 315 

— amylobacter , 225 

— butyricus , 225 

— 'furfuris, 581 

— Kutzingianuni) 224, 315 


Bactetium Pasteurianum , 224 

— Pastorianum , 315 

— venniforme , 230 

— xylinium , 224 

Badische Anilin- u. Soda-Fabrik, 375,460^ 
526 

Baeyer’s indigo syntheses, 459 
Bagasse, 153, 154 
Bakelite, 211 
Bakers’ flour, 179 
Baking powder, 184^, 234 

— yeast, 234-236 
Baku oil, 11 
Balata, 365 

Balling degrees, 291 ; sacCharometer, 274; 

specific gravity of sugar solutions, 290 
Ballistite, 641, 646 
Balloons, hydrogen for, 405, 406 
Balls, golf, 364 ; rubber, 362 
Bamboo fibres, test for, 203 
Bambuk butter, 42 
Barbet rectifying apparatus, 306-308 
Barium carbonate, 93 

— chloride, 126, 127, 200 

— chromate, 507 

— chrome, 507 

— pigments, 506-507 

— sulphate, 47, 215, 506, 561, 579, 661; 

drier, 47 

— sulphide, 190 
Barkometer, 577 

Barley, British, 254; chemical changes during 
malting, 255, 259; chemical composition 
of, 255, 263a; cleaning and grading, 
257; equivalency of sugars to, 273; 
foreign, 254 ; germinating power,. 254 ; 
heavy, 286; light, 286; loss on steep¬ 
ing, 264; loss on germination, 263^, 
269; malt, 253; narrow year, 254; 
steeping process, 258; storage of, 261, 
263; sweating process, 256; testing, 
254-255 ; transport of, 261, 263 ; two- 
rowed, 254; varieties of, 254; uses of, 
253 ; yield of malt from, 263-264 

— cleaning machine, 257 

— dresser, 257 

— grain, anatomy, 254 

— malt, diastatic power, 286 

— starch, 178 
Barm, 275 

— ale, 275 

Barometric cataract contra-current con¬ 
denser, 156, 157 

— water pump, 156, 157 
Barwood, 552 
Barytes, 502, 506, 509 
Base, milled soap, 103 

Bases, aromatic, 424-428; pyridine, 420 
Basic colour lakes, 510 

— dyes, 545 ; dyeing with, 547*548; list of, 

548 

Basil, 580 
Bass, 253 

— Brazilian, 394 
Bassia latifolia, 42 
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Bassia longifolia, 42 

— Parki, 42 
Bast fibres* 516 
Bastose, 516 
Batavian dammar, 348 
Bating process, 577 
Baudouin test, loofi 
Baum6 degrees, 665, 666 
Beaters, 54 r, 628 

Beans, China, 29; Soya, 29 ; Tonquin, 138 
Beechwood, distilling, 325 ; heavy tar oils, 
329; tar, 328 
Beef fat, 25 

— tallow, viscosity,. 10 

Beer, 252-277 ; aim of brewer in producing, 
284 ; alcohol free, 277 ; alcoholic strength 
of, *252, 275, 277 ; antiseptics in, 275 ; 
Berliner Weiss, 229; body of, 285 ; 
bottling of, 275 ; braun, 229; colouring, 
168, 265 ; composition of, 277 ; Con¬ 
tinental system of fermentation, 276,277; 
dark, 265* 266; decoction, 276, 277 ; 
dextrines in, 285 ; differences between 
English and German, 277 ; diseases of, 
230; English^ 274, 277 ; English system 
of fermentation, 273-274, 276 ; extract 
of, 254, 265, 274, 277, 286 ; German, 271, 

274, 276-277 ; infusion process of manu¬ 
facture, 276, 277 ; lager, 228, 276-277 ; 
Lichtenhainer, 229 ; light, 276 ; literature 
of, 252 ; Malz, 229; milk sugar in, 73 ; 
millet, 230; quick process (Nathan), 277 ; 
racking, 274-275 ; rice, 225; stability of, 

275, 277 ; statistics of, 252-253; taxation 
of, 252-253 

— yeasts, 227, 228-229; see Brewery yeasts 
Beeswax, 3, 53, 54, 59 , 61 > 62 > 8 9 

— candles, 98 

Beet juice, analysis of, 142 ; composition of, 
144 ; concentration of, 155-159 

— molasses, 142, x6i, 163, 376 

— slices (dried) for stock, 148-150 

— sugar—see Sugar , Suchrose 

— sugar residues, distillation of, 390 
Beets (sugar), alcohol from, 280, 283, 292 ; 

cultivation in Great Britain, 144; im¬ 
provement of sugar content of, 144 ; 
preliminary treatment for sugar extrac¬ 
tion, 145 ; slicing, 145 ; washing, 145 
Beggiatoa, 223 
Behenic acid, 20 
Behenin, 20 

Behrend & Morgen’s table of potatoes’, 
starch content, 181 
Bellier test, 100/ 

Bellite, 635, 645 
Belting, 507 ; leather for, 578 
Ben oil, 54-57 
Bends, 575 

Benjamin, gum, 347 - 34 ® 

Bengal, 486 
Benzal chloride, 422 

Benzaldehyde, 137, 138, 359 , 3 8 5 > 4 * 9 > 4 67 1 
properties, 429; valuation, 429 
Benzanthrene dyes, 456 


Benzanthrone quinolines, 457 
Benzene, 8, 92, 281; 359, 394, 4 20 , 4 2 * (? e e 
also Benzol) ; extraction by, 133 ; indigo 
from, 460; solvent for resins, 350 
0-benzenedicarboxylic acid, 430 
Benzene disulphonic acid, 431; mono- 
sulphonic acid, 431 ; sulphonic acid, 381 

— trichloride, 359 

Benzidine, 426 ; dyes from, 446 ; electrolytic 
preparation of, 436 
Benzine, 4, 6, 7, 8, 359, 360, 362 
Benzine, 8 ; auto-ignition of, 8 ; electrification 
in extraction plant, 8 ; extraction by, 32 
Benznaphthanthrone, 457 
Benzo brown G, 449 
~ dyes, 545 

— fast pink 2BL, 447 

— grey, 44 8 
Benzoate, ethyl, 384 

— methyl, 384 

Benzoin, constants of, 347-348, 350 
Benzoflavine, 479 
Benzoic acid, 429-430 

Benzol, 8, 92, 281, 359, 394, 420-421 (see 
also Benzene) ; carburetting by, 9, 395 ; 
chlorides of, 359 ; presence in coal gas, 
390; heavy, 417; light, 417; manu¬ 
facture of. 417-418; 90 per cent., 421 ; 
nitration of, 422; properties of, 420- 
421 ; testing, 421 ; valuation, 421 

— chlorides, 359 
Benzoline, 7 
Benzomtrol brown, 655 
Benzophenone, 434 
Benzopurpurin, 446 
Benzotrichloride, 422 
Benzyl alcohol, 136 

— chloride, 422 

— violet, 469 

Benzylidene dichloride, 422 
Bergamot, 373; juice of, composition, 374 
oil, 132, 135 

Berlin, gas lighting of, 389 

— blue, 502 

— Distillers’ Association, 291 

— Konigstadt beer, 277 

— weissbiere, 229, 277 
Berkefeld filter, 222 
Berries, Persian, 485 
Besan^on, 213 
£-eucain, 605-606 
/ 9 -methyl butadiene, 366 

— tetramethylenediamine, 366</, 366* 
0-naplithol, in transparent candles, 98 

— methyl ether, 138 * 

Bicarbonate, sodium, 234 

Bichromate, 553; action on gelatine, 596; 
bleaching oils with, 35, 36; mordanting 
with, 545, 546 , SSO. 55 I-S 52 

— intensifies 661 

— potassium, 36, 527, 550 

— sodium, 550 

— tanning with, 584-585 

Bi ch rome—see Bichromate 
Biebrich patent black, 547 
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Bebrich scarlet, 445, 547 

Bile, 597 
Bioses, 141 
Birbal, 337 
Birch tar oil, 329 

— wood distillation, 325 
Biscuits, rubber, 356 
Bismarck brown, 426, 447, 548 
Bisulphates, utilisation of, 370 
Bisulphite, acetone, 640, 641 

— calcium, 194 

— compounds with aldehydes and ketones, 

136 

— sodium, 640 
Bitartrate, potassium, 246 
Bitter almonds, oil of, 137 
Bitterness of vvme, 245 ; of wort, 230 
Bitumen, 15, 18; estimation in tar, 420 
Bixa orellana f 75, 485 

Bixen, 485 

Black, acetylene, 405; fast, 551; indelible, 
492 

— aniline inks, 491 

— beers, water for, 266 

— dammar, 348 

— dyes, natural, 483-484 

— malt, 265 

— mustard oil, 44 

— mustard seed, 221 

— powder, 619-620, 639 

— silk dyeing, 489 

— writing inks, 489-491 
Blair’s still, 300, 301 

Blasting gelatine, 629-632,635 ; composition, 
644 

Blauholz—see Logwood , 483 
Bleached lac, 348 

Bleaching, cotton, 520-523 ; electrolytic, 196, 
199; linen, 520; literature of, 520 ; oils, 
33-37 i pulp. 19s, 196, 199; starch, 183 ; 
textile fibres, 520-525; with sulphur 
dioxide, 523, 524; wool, 523, 524 

— powder, 199, 377, 460, 522 ; chloroform 

from, 377 - 378 ; test for, 199 

— soaps, 115 
Bleeding (of dyes), 544 
Blending wines, 245 

Blood, coagulation of, 221; decolourising 
with, 164; dragon’s, 486; fining with, 


245 

— albumen. 560, 597 

— serum, 69, 597; enzymes in, 220; poly¬ 

merisation of isoprene by, 366^ 
Bloodless surgery, 612 
Blotting paper, 199 
Blown oils, 43 

Blowpipe, oxy-acetylene, 403-40^ 

Blpe, fast, 551 
~U 4 yes (natural), 483-484 
-»* lead, 497 

— logwood dyeing, 551 

— ultramarine, 201 

— verditer, 504 
Blueing, 201 
Boarding, 587 


Bobbinite, 619 

Bobbins, cross-wound, dyeing process, 540* 
54 i 

Boghead coal ashes, 629 
Boiled-off bath, 518, 525 
Boiled soap, 101-106 
Boilers, degreasing, 31 
Bolivia rubber, statistics, 365 
Bombyx mon, 517 
Bone, artificial, 210-211 

— black, 164, 505 

— charcoal, 164, 505 

— fat, 31, 36,41, 54,57,11s, 595 i bleaching, 

36; extraction from bones, 31 ; soap 
from, 115 

— fat extraction from, 31 

— glue, 594-595 

— oil, 420, 428 

— substitutes, 80, 210-211 

— tar, 428 

— tar oil, 420 

Boots, polishes, 19 ; statistics, 565,-566 

Boracic acid, 95, 245, 275 

Borate, ammonium, fireproofing with, 191 

— glyceryl, 130 

— soap fillers, 117, 118 

Borax, 586; impregnation of wood by, 191; 

in non-inflammable fabrics, 527 
Boric acid, 95, 245, 275 
Boring holes with acetylene blowpipe, 403 
Borneo, 340; cane, 155 
Borneol, 133, 340, 347 

— acetate, 138 
Boro-glyceride, 130 

Bbttcher moist chamber, 230, 231 
Bottom-fermentation, 228, 274, 276 277 
Bottom-fermenting yeasts, 227, 228, 233, 234, 
244, 276-277 

Bottlenose oil, 53, 54, 59, 63, 65 
Bouquet, wine, 245 , spirit, 314 
Bowkine, 521, 5 2 3 
Box-calf leather, 587 
Bradford, sewage purification, 53 
Brain substance, 597 
Bran, 179 

— drench, 581 

Brandy, 251, 283, 295; alcoholic strength of, 
279 ; cherry, 283; distiljers, 282 
Brasilein, 484 
Brasilin, 484 
Brassica campestris y 44 
Bratenfett, 87 
Braunbiere, 229 
Bray’s acetylene burners, 403 
Brazil monazite sand, 406 ; nut oil, 85; 

rubber, 353, 365 ; wood, 484 
Brazilian bass, 394 

Bread, 177; Standard, 179 J wholemeal, 179; 
Vienna, 170 

M Breathing,” of bricks, 511; of germinating 
cereals, 25$; of potatoes, 181 
Bremen-Bersigheimer Oelfabriken, loqf 
Bremen blue, 504 
Brewer, aim of. 285 
Breweries, statistics, 252-2J3 
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Brewers 1 malt, 285-286 
Brewery, general arrangement of, 267 ; 
horizontal system of erection, 267 ; tower 
system of construction, 267 

— yeasts, 228*229; optimum temperature 

of, 291 

Brewing, Continental practice, 276-277; 
English practice, 267-275; malt for, 
256; theory of, 253, 264 

— materials, 253-254,267 ; statistics, 252-253 

— operations, comparison with distilling, 285 

— sugars, 183 

— syrups, 168 ; equivalency to barley, 273 

— waters, 266, 267 
Bricks, breathing of, 511 
Brilliant alizarin blue, 477, 553 

— croceine M, 445 

— green, 468, 656 

— orange, 547 

— scarlet, 547 

— yellow, 447 

Brine, electrolysis of, 196 
Briquettes, 195, 419 
British gum, 177, 184, 346 
Brom-indigos, 461-463 
Bromide papers, 661 
Bromine water, 408 
Bromoform, 435 
Brown dyes (natural), 485-486 
Brownian movement, 354 
Brucine, 615 

Brug&res powder, 633, 645 
Brunswick blue, 502 
Brussels Convention, 148 
Bubbling hood, 302 
Bueb’s retorts, 391, 392 
Buttner-Meyer beet slice drying process, 
149 , 15 ° 

Buffleather, 589 
Buffing leather, 569 
Bullet tree, 364 

Burners, acetylene, 402, 403 ; high pressure, 
407: inverted, 407 ; Welsbach, 407 
Burgundy, 283 
Burnt sienna, 501 

— sugar, 168, 176, 183 

— umber, 501 
.Burton breweries, 253 

— waters, 267 

Butadiene, 366 ; conversion into isoprene, 
366^5 homologues of, 366, 366a; manu¬ 
facture of, 3660,366^ ; polymerisation of, 
to rubber, 366a, 36^-366/; preparation 
from acetylene, 366c; preparation from 
butyl alcohol, 366 b; preparation from 
petroleum, 360c; preparation from 
phenol, 366*; properties of, 366; rubber 
production from, 36^-366 h 
—* rubber, constitution, 366; normal, 366a; 
sodium, 366 a 
tetrabromide, 366c 
Butter, yyf$ 

— adulteration of, 64; analysis of; 74 ; 

artificial, $5 i bambuk, 42; browning 
of; 86 ; cacao, 4*, 615 casein, 85, 86; 


cocoa, 54, 58; colouring of, 75, 485 ; 
composition of, 73; constants of, 75 ; 
detection of margarine in, 75; differentia¬ 
tion from margarine, 62; fat in, 74 ; 
fatty acids of, 74; iodine value of, 63; 
mahwa, 42, 54, 57; milk sugar in, 85, 
86; mixed glycerides in, 74; mohwrah, 
42, 54, 57; nutmeg, 42; presence of 
margarine in, detection of, 87 ; refractive 
index of, 62, 74, 87 ; shea, 42 ; stearic 
acid in, 87 ; saponification value, 87; 
salt in, 73, 74; statistics of, 78; water 
in, 74 

Butter fat, 21, 40, 54, 58,61,62,64,65 ; com¬ 
position of, 74, 85 

— milk, 73 

Button lac, 348 
Butts, 575 

Butyl acetate, 383 

— alcohol, 226, 298, 314, 366^; butadiene 

from, 366; manufacture of, 366^; pre¬ 
paration by bacterial action, 225; pre¬ 
sence in fusel oil, 251 

— alcohols, tertiary, 138 

— chloride, 366^, 366^, 366^; manufacture 

of, 366^ 

Butylene dichloride, 366 h 

1: 3-butylene glycol, 366/* 

Butyrate, amyl, 383, 385 ; calcium, 383; 
ethyl, 220, 383 

Butyric acid, 20, 74, 320, 330, 331, 383, 385, 
555 , 58 i . 

— acid bacteria, 225, 291 

— ether, 383 

— fermentation of sugar, 143 

Butyrin, 20 


c 

Cacao butter, 41, 61 
Cachou, 486 

—* de Laval, 439 , 47 ®, 54-6 
Cadmium pigments, 508 

— sulphide, 508 * 

— yellow, 508 
Caeruleine, 473 
Ccesalpinias brevifolia, 573 
Casaljinia coriaria , 573 
Caffeine, 616 ; statistics, 602 

— citrate, 607 
Cage presses, 27 

Cake, cotton-seed, statistics, 22, 23, 24 

— ‘linseed, statistics, 22,23, 24 

— oil-seed, statistics, 22, 23, 24 

— rape-seed, statistics, 22, 23, 24 

— sludge, frqpi beet sugar, 151-152 
Calamus, 486 

Calandrias, 160 
Calcinated vinasse, 294 
Calcium acetate, 330, 332, 526 

— butyrate, 383 

—- biphosphate, 234 

— bisulphite, 194 

— carbide, 400 
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Calcium carbonate, 266, 507 
*— caseinate, waterproofing with, 527 

— chloride, 561, 571 

— chloride, absorption of ammonia by, 400 ; 

compounds with alcohols, 136; wood 
impregnation by, 190 

— citrate, 374 

— nitrate, 623 

— oxalate, 150, 369 

— phosphate, 227, 594 

— phosphide, 400 

— pigments, 507 

— silicon explosives, 636 

— soaps, 101, 109 

— stearate, 89, 90 

— sucrate, 142, 143, 150, 163, 164, 246; 

removal of acidity by, 246 

— sulphate, 90, 507 ; presence in brewing 

water, 266; presence in wine, 245; 
removal from water, 266; use as filler 
for paper, 200 

— tannate, 546 

— tartrate, 371 
Calendering, 561 

— rolls, 201 

Calenders, rubber, 360, 362 
Calf kid, 588 

— skin, 566, 569 
Calico printing, 560-561 
Californian oil, 5, 9 
Calorific power, 10 
Camel hair, 517 

Campeachy wood—see Logwood 
Cam phene, 341, 359 

Camphor, 33, 208, 340-342, 632- literature, 
340; properties, 340; statistics, 342 ; 
substitutes, 209; uses, 340 

— oil, 135 
Camwood, 552 
Canaigre, 573 
Canarium commune , 348 

Candle material, 18, 53, 60, 90, 94, 97 ; bees¬ 
wax in, 98 ; from oleic acid, 98-100 

— pitch, 94 

— stiffeners, 18, 991 

— wicks, 95 

— nut oil, 45 , 54 , 56 _ __ 

Candles, altar, 97; beeswax, 98; British 

light standard, 410; ceresin. 97 ; manu¬ 
facture of, 89,95-100 ; moulding process, 
95-97 ; palmitic acid, 99; paraffin, 99; 
transparent, 98; self-fitting, 97 ; statis¬ 
tics, 98; wax, 97 

Cane, amber, 169; black Java, 155 ; Borneo, 
155 ; crushing rolls, 153; maceration of 
crushed, 154; preliminary treatment for 
sugar, 153 

— juice, clarification of, 155; composition 

of, 154-155, 160; concentration of, 155- 
156; Denning’s liming process, 155; 
evaporation of, 156; fermentation of, 
143 ; lime defecation of, 155 

— molasses, 142, 161, 163 

— sugar, 141 et seq. (see also Sucrose) ; 

enzyme hydrolysis of, 22 r; estimation 


of, in wine, 250; rate of fermentation of, 
240 ; rotation of, 142 ; solutions, specific 
gravity of, 169-170 
Cannabis sativa^ 516 
Cannonite, 646 
Caoutchouc—see Rubber 

— waterproofing, 526, 527 
Caoutchouine, 359 

Cap composition, testing, 643 
Cappagh brown, 501 
Capric acid, 20, 74 
Caprin, 20 

Caprionate, amyl, 384 
Caprionic esters, 384 
Caproic acid, 20, 74 
Caproin, 20 
Caprylic acid, 20, 74 
Caprylin, 20 
Caramel, 142, 176, 265 
Caraway oil, 137 
Carbazol, 421 
Carbic, 400 

— Co. Ltd., 400, 404 
Carbide, calcium, 400 
Carbides, 459 

Carbinol base of triaminotriphenylmethane, 
467 

Carbo-dynamite, 629, 644 
Carbohydrates, estimation of, 291 ; see also 
Sugars } Cellulose . Starch 
Carbolic acid—see Phenol 
Carbon black, 505, 509 

— bisulphide—see Carbon disulphide 

— dioxide, estimation in gases, 408 ; evolu¬ 

tion in fermentation, 293; evolution from 
germ, 255 ; manufacture for aerated 
waters, 249-250; purification of, 250; 
use in sugar industry, 151-153 
disulphide, 214, 228, 359, 360, 417 ; ex¬ 
traction by, 31, 133; poisonous effects 
of, 31 ; solubility of resins in, 349; 
presence in gases, 395 ; use as a solvent, 
30 , 31 

— filament lamp, illuminating efficiency, 408 

— monoxide, 392; detection of, 396; esti¬ 

mation in gases, 408 ; poisoning by, 396, 
408 

— pigments, 505 

— tetrachloride, 8, 31, 359 
Carbonates in water, 266 
Carbonation, 150, 151 

Carbonic acid, manufacture for aerated waters, 
249-250 

Carbonisation of artificial silk, 216 ; of wool, 
S 34 

Carbonisers, continuous, 392 
Carbonite, composition of, 645 
Carborundum, 506 

Carboxy acids, aliphatic, 369; aromatic, 429 
Carburetted coal gas, 395 

— water gas, 389, 396-398 
Carburetting, cold, 398 

— oil, 9 

Carburine, 395, 405 
Carcel lamp, 410 
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.Cardboard, 202 
Carded yarns, 517 
Carriers, for catalytic nickel, 100 d 
Carlsberg yeast, 229 
Carmine, 485, 510; lake, 510 
Carminic acid, 485 

Carnauba wax, 54, 59, 60, 63, 89 ; presence 
in ceresine, 17; substitutes for, 18; 
waterproofing with, 526 
Carnaubic acid, 20 
Carnaubyl, 52 

Carob bean, 383 ; alcohol from, 283 
Carolina, monazite sand from, 406 ; potato 
of, 4284 

Carotine, 485 

Carriage aprons, waterproofing of, 527 

Cart grease, 60 

Carton pierre, 203 

Cartridges, 635 ; dynamite, 631-632 

Carvacrol, 137 

Carvone, 137 

Cashew nut, 492 

Cashmere wool, 517 

Casein, 68, 69, 75 , 79-8o, 86, 221, 245, 516, 
560, 654 ; changes during ripening, 77 ; 
horn-like products from, 210 ; industrial, 
79-80; milk, 81 ; statistics, 79; uses, 
79 ; waterproofing with, 527 

— cement, 596 

— foods, 79, 80 

— glue, 79 , 596 

— lactate, 69 

— paints, 80, 512 

— papers (photographic), 661 

— silk, 214 

— sizing, 79, 200 

Caseinate, calcium, waterproofing with, 527 

— of lime—see Caseinate\ Calcium 
Cassava starch, 182^ 

Cassel yellow, 500 
Cassia oil, 137, 385 
Castanea vesca , 573 
Castile soap, 103, no, u6 
Castilloa, 353 ; coagulation of latex of ? 355 
Castor seed, fat-splitting enzymes in, 93 
221 ; lipase in, 221; pressing process, 21 

— oil, 43, 54, 57,61,62, 63, 65, 210, 549, 636 

soluble, 43 ; statistics, 22, 23, 24 

— oil soap, 107, Z09-ZXO 

— oil sulphonic soap, 117 
Catalase, 227 
Catalysts, metallic, \ood 

— nature of, 100c 

— nickel, 100a, 100/;, ioo<r, 100*/, loor, loom , 

IOOT* 

Ca.alytic poisons, 100c 
Cataract contra-current condenser, 156, 
*57 

Catechol tannins, 573 
Catechu, 486 ; dyeing with, 549 
Catechu-tannic acid, 486, 549 
Cattle breeding, 281 

— food, i8t, 312 ; from molasses, 163; from 
% potato starch residues, 178, 182; from 

sliced beet, 148-150 


Caucasus, asphalt deposits of, 18 ; ozokerite 
beds of, 17 
Caul fat, 26 

Caustic soda, 107,108, 213; action on cellu¬ 
lose, 195, 205, 206; soap making with, 
108, 109 

Celestine blue B, 476 

Cell-fission, 223 

Cellite, 210, 216, 654 

Cells, cellulose, 196-197; staining, 238 

Cellulase, 220 

Cellulith, 202 

Celluloid, 187,207,208-209, 333, 340,624,654; 
literature, 208, non-inflammable substi¬ 
tutes, 209, 216; statistics of, 188, 209; 
filters, 209 ; substitutes for, 79, 2x0-21 z 
Cellulose, 187-189, 294; action of sulphur 
dioxide on, 194; action of sulphuric 
acid on, 187, 294; alcohol from, 294; 
bleaching, 195, 196; Buhler’s piocess 
of manufacture, 196; cuprammonmm 
solution, 189 ; electrolytic process, 196 ; 
estimation and valuation, 188; hydro-, 
197 ; Kellner’s electrolytic process of 
manufacture, 196; manufacture from 
straw, 195, from waste cotton fibres, 195, 
from wood, 192-196; lustra, 189; normal, 
197 ; oxy, 197; properties of, 187 ; pure, 
preparation of, 196; soda process of 
manufacture, 195 ; solution by enzymes, 
220; solution of, 188-189; statistics, 
188, 196; sulphate process of manu¬ 
facture, 195 ; wood, 196, 202, 212, test 
for presence of, in paper, 203; zinc 
chloride solution of, 189 

— acetate, 187, 189, 210, 214, 216, 654 

— acetate silk, 214 

— cells, 196, 197 

— esters, 210, 216 

— formates, 210, 214, 216 

— hydrates, 187, 200, 206 

— industries, statistics, 188 

— nitrates—see Collodion , Gun-cotton 

— nitrate silk, 212 

— pitch, 195 

— soda, 189 

— solutions, 188-189 

— thiocarbonate, 189 

— xanthate, 189 

— xanthogenate, 214 
Celtite, 644 

Cement, acid-resisting, 194; artificial, 211 ; 
casein, 596 

Centigrade degrees, 664 
Centra A.G. Krischortz, too n 
Centrifugal machines, 161, 162, 163, 541, 542 
Cereals, dieting on, 177; production ol 
alcohol from, 280, 281, 282 ; production 
of rubber from, 366^* 

Ceresine, 17, 89 ; adulteration of, 17; candles, 
97 ; substitutes for, 18; waterproofing 
with, 526 

Ceria, luminescence due to, 407 
Cerium salts, 406 

— sulphate reducer, 660 
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Cerotic acid, 20 
Ceryl alcohol, 52 
Cetin, 53 
Cetyl alcohol, 52 

— palmitate, 53 
Ceylon rubber, 353, 365 
Chalk, 215, 561 
Chamois leather, 589 

Champagne, 244, 247, 248 ; acidity of, 247 ; 
chemical composition of, 247; imitation, 
248; sugar in, 247 
Channel Island cattle, 68 
Chaptal's wine improving method, 246 
Char filters, sugar, 165 ; spirits, 300-302 
Charcoal, addition to alcohol, 296; animal, 
164, 165, 594; bone, for decolourising, 
164, 165 ; burnt cork, 629 ; decolourisa- 
tion with, 38 ; wood, 323-327 ; yields of 
wood, 325 

— black, 505 

— dynamite, 629 

— filters, 165, 300-302 

— industry, 323-328 

— kilns, 165, 323, 324 

Chardonnet silk, 212-214 ; tests for, 216 
Charente, 283 ; inffrieure, 283 
Charge limit, 635 
Cheddar cheese, 76 
Cheddites, 636 

Cheese, 75-78 ; adulteiation of, 77 ; analysis 
of, 77 ; Cheddar, 76 ; colouring, 77, 485 ; 
fat in, 77 ; lactic acid, 77; margarine, 
39> 78, 87 ; protein, 77 ; ripening of, 76, 
77 ; soft, 77 ; statistics, 78 ; water in, 77 
Cheleken, asphalt deposits, 18; ozokerite 
deposits, 17 
Chemical sand, 123 

— wood pulp, 192 
Chemicing, 522, 523 
Cherry brandy, 283 

— essence, 385 

Chestnut, 577; bark, 573; extracts, 490; 
tree, 490 

Chewing gum, 346 
Chicago (dye), 545 
Chicle, 346 
Chicory, 169 

Children's foods, milk sugar in, 73 
Chili saltpetre, 620 

China, alcohol-producing moulds from, 225 

— beans, 29 

— clay, 200, 504 

— grass, 187, 516 
Chinese blue, 502 

— galls, 490 

— lacquer, 49 

— vermilion manufacture, 509 

— red, 500 

— rice beer, 249 

— Soja bean industry, 44 

— vegetable tallow, 42 

— wax, 53 

— white, 507 

— wood oil, 45 
Chipper, for soap, 114 


Chips, dyewood, 534 

Chloracetic acid, 332, 459, 460 

Chloral, 379; electrolytic preparation, 435 

— hydrate, 210, 379 380, 608; statistics, 602 
Chloralacetonechloroform, 380 
Chloralformamide, 380 

Chlorate explosives, 636 
Chlordinitrobenzene, 634 
Chloretone, 608 
Chlorhydnne, 8 
Chloride of lime, 36, 38, 199 
Chlorinating apparatus, Pirn's, 366^ 

— processes, 3664 366^ 

Chlorindigos, 461-463 

Chlorine, 183 ; fiee, removal of, 199; test for, 
199 

Chlorisopentanes, 366^ 

Chloro-bromide papers, 661 
Chloroform, 228, 333, 377-378, 602-603; 
action on enzymes, 222 ; Besson's con¬ 
tinuous process of manufacture, 378- 
379; decomposition of, in light, 378} 
manufacture of, 377-379; preparation 
from acetone, 378; preparation from 
alcohol, 377; preparation from bleach¬ 
ing powder, 377, 378; properties of, 
378 ; stability of, 378 ; statistics of, 379, 
602 ; use of, 378 ; use as solvent, 30 

— salicylate, 378 

Chlorophyll, 223, 483, 486 ; compound, 116 

Chlorosulphonic acid, 431 

Chlorazol dyes, 545 

Chocolate fats, 41 

Cholera bacteria, 224 

Cholesterine, 67 

Cholesterol, 52, 53, 100/; test for, 66; 

acetate, 66 
Choline, 597 
Chromammonite, 635 
Chromates, 364 

Chrome (dye), 553; for chrome, see Bi¬ 
chromate 
*— blacks, 551 

— blue, 469 

— gelatine, waterproofing, 527 

— green, 469, 502, 508 

— leather, 584-587 ; distinction between one- 

bath and two-bath, 588 

— mordanted wool dyes, 443 

— orange, 559 

— red, 500 

— sole leather, 587 

—■ tannage, 584-588 ; one-bath process, 584- 
£85 ; two-bath process, 585-586 

— violet, 469,470 

— yellow, 493, soo, jii, 550 
Chromic acid, action on cellulose, 187 
Chromium, estimation in leather, 587 

— fluoride, mordant, 550, 553 

— mordants, 553 

— pigments, 508 

— salts, use of, in dyeing, 545,546; see 

Bichromates 

— sulphate, 584, 585 
Chromotrope, 443 
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Chrysoidine, 491, 548 
Chrysamine, 545 
Chrysazine, 452 
Chrysene, 421 
Chrysophenine, 545 
Chrysosulphite, 656 
Chymosin, 221 
Ciba blue, 462, 556 

— Bordeaux, 556 

— colours, 462, 466, 556 

— green G, 556 

— grey G and B, 556 

— heliotrope. 463, 556 

— red G, 556 

— scarlet G, 466, 566 

— violet A, 465, 556 
Cibanone blacks, 556 

— brown, 556 

— colours, 556 

— orange, 556 

— yellow, 556 

Cider, 249, 250; yeasts, 230 
Cilia, 223 

Cinchona bark, 602, 615 
Cinchonidine, 615 
Cinchonine, 615 
Cineol, 138 
Cinnabar, 508 
Cinnamic alcohol, 136 

— aldehyde, 137 
Cinnamon, 283 

— oil, 133 . £ 

Cinnamyl cocaine, 603 
Citral, 135, 137 
Citrate, caffeine, 607 

— calcium, 374; presence in milk, 70 
Citric acid, 373*374; absence from fruit 

wines, 249; presence in lemonade, 250; 
production from sugar by moulds, 225, 
374; properties of, 374 ; statistics of, 374 

— juices, composition of, 374 
* Citro-myces, 221 

Citron yellow, 507 
Citronella, 135 

— oil, 13s 

Citronellal, 137 
Citronellol, 134,136 
Citrus oils, 132 
Cladotrichese, 223 

Clarification of beet juice, 150-155 ; of cane 


juice, 155 

Claviceps purpurta y 612 
Clay, china, 200—see Kaolin 
Clayton clbth red, 443 
Cl&ve’s add, 444-447 
Climax sugar, ;68 
Clip stenter, 543 
Clodding presses, 27 
Closing soap, 103 

Cloth, drying machines, 543 ; manufacture 
of, 561; non-inflammable, 526, 527; 
waterproofing, 526-527; wood cellulose, 
197 \ wire, 2oi 

r scarlet G (dye), 445 

Clothes, dry cleaning of, 8 


Clotting enzymes, 221 
Clove oil, 135 

Coagulation of rubber latex, 354-355 
Coagulating enzymes, 227 
Coal, anthracite, 260; deterioration of, 390; 
distillation of, 389-392 ; for gas, 390 

— dust explosions, 635 

— gas, 389-396; ammonia in, 393-396 5 

analysis of, 392, 396; carburetting pro¬ 
cess, 395 ; explosive mixture of, 397 ; 
hydrocarbons in, 396; hydrogen sulphide 
in, 393-396; illuminating efficiency of, 
408; increasing luminosity of, 395; 
lifting power of, 406; mixed with car- 
buretted water gas, 396, 397 ; poisoning 
by, 39b-397i 408; purification of, 393- 
396 

Coal-tar, 415-416; butadiene from, 366*; 
compositions, 416; distillation of, 416; 
isoprene from, 366*; pyridine bases in, 
420; statistics of, 415; tests for (Watson 
Smith), 419-420; yield o t dyes from, 
440 

— colour lakes, 510 

— colours, detection in wine, 251; industry 

of, 439 et seq .; manufactures of, 331 ; 
statistics of, 440 

— distillation products, 420-422 

— dyes—see Coal-tar colours 

— industry, 415-420; literature of, 415 

— naphtha, 8, 417-418 

— pitch, distinction from natural pitch, 420 

— products, 420-436; literature of, 415 
Cobalt blue, 503 

— green, 503 

— oxide, 503 

— pigments, 503 

Cocaine, 603-604; statistics, 602; substitutes, 
604 

Coccaceae, 223 
Coccus ceriferus , 53 

— pela ,, Westwood, 53 
Cochineal, 485, 552 ; statistics, 483 
Cocoa butter, 54, 58, 1000 ; statistics, 23 
Cocoa-nut fat, detection in margarine, 87 

— fibres, 516 

— oil, 42, 54,58,61,62, 63, 64,65, 85, 86,87; 

deodorisation of, 35 ; detection in butter, 
87; statistics, 22, 23, 24 

— oil soap, 102,103,107,114; ozonised, 115 
Cocoons, 518, 519 

Cocos nucifera, 5x6 

Cod-liver oil, 19, 26, 54, 58, 61, 62, 63, 65 

Codeine, 615 

Coerulein, 553 

Coffey’s still, 296-298, 300 

Cognac, 251, 283; artificial, 384 

— es$ence t 384 

— oils, artificial, 251, 283 
Coir, 516, 518, 519 

Coke, 5,7,389,390; arsenic in, 260; presence 
in oils, 12 

— ovens, 390 
Coking chambers, 392 
Cold, production of, 377 
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Cold carburetting, 398 

— extraction plant, 31 

— process soaps, 107, 109-110, 114 

— test for oils, 12 

Coldewe’s germinating apparatus, 255 

Colds, cures for, 330 

Coleurs, 168, 183 

Collards, fine, 179 

Colliery steelite, 636 

Collodion, 207, 215, 409, 654 

— cotton, 629 

— papers, 661 

— silk, 212*213 

— wool, 207, 212, 629, 654 
Colloidal combination, 533, 5 48 

— compound theory of dyeing, 533 

— metals, saponification by, 93 

— solutions, 359, 533 

Colloids, 567 ; function in dyeing, 533 
Colophony—see Rosin 
Colostrum, 69 
Colour filter dyes, 656-657 

— lakes—see Lakes 

— plates, 654*655 

— printing of calico, 560-561 

— printing industry, 531, 560-561 

— printing machines, 559-561 

— wash, 512 

Colouring butter, 75 ; candles, 98; cheese, 
77 ; margarine, 87 ; paper-pulp, 201 

— matters, natural, 483-486 ; synthetic, 439- 

480 

Colours (see also Dyes } Pigments ); acid 
chrome, 553; coal-tar (see Coal-far 
colours ); correcting, 201; ice, 558; 
mineral, 497-512, 559 
Columbia (dye), 545 

— green, 449 

Columns, distilling, 302, 303 ; film type, 302, 
303; fractionating, 417-418; Ilge’s full, 
305 ; inclined (Guillaume’s), 302, 303; 
rectifying, 302, 303 
Colza oil, 44, 61, 410 
Combed wool, dyeing of, 538 
Combined baths, 660 
Combs, 360 

Compressed yeast, 229, 234-236 ; distilleries, 
282 

Condensed milk. 81 ; analysis of, 84; com¬ 
position of, 82; statistics, 84 
Condensers, barometric cataract contra- 
current, 156, 157; gas works, 393; see 
also under Stills 

Conditioning apparatus for silk, 518 
Congo dyes, 545 

— blue, 446 

— Corinth, 446 
—- fast blue, 448 

— red, 439, 446, 533, 544, 656 
Conidia, 225 

Connective tissue, 568 * chemical composition 
of, 568 

Conserving fluid, glycerol, 129 

Consumption, 195, 330 

Contact process for sulphuric add, 460 

— substances, 220 


Continuous carbonisers, 392 

— rectification, 306 
Conversion, saltpetre, 620 
Converter, high-pressure, 287-289 

— raw grain, 271, 287-289 
Co-operative distilleries, 281 
Coolers, wort, 271-273 
Coomassie black, 447 

Cop dyeing, 538 541 ; machines for, 540 
54 i 

“■ dr >'mg, 543 

Copal, 345, 346, 348; constants of, 350 
Copper, catalytic hydrogenation by, lood 

— catalytic oxidation of aniline by, 557 

— acetate, 332 

— chromate, 504 

— hydroxide, 189, 202, 213 

— logwood inks, 490 

— mordants, 551 

—• pigments, 503-504 

— rosinates, 190 

— sulphate, 228, 545 ; impregnation of wood 

by, 190, 191 ; inversion of sugar by, 142 ; 
use as mordant, 553 

— wire, coatings, 216 

Copperas (see also Ferrous sulphate\ 501, 
554 , 555 

— vat for indigo, 555 
Copperplate printing, 493 
Coppers, brewery, 271, 272 
Copra, pressing, 30 
Copying ink, 491-492 

— ink pencils, 492 
Corchorus, 516 
Cordage, 516 

1 Cordite, 333; composition of, 646; manu¬ 
facture of, 639 ; pressures of, 639 
Cores, tyre, 366 
Cork carpets, 50, 51 
Coriander, 283 
Coriaria thymifolia , 492 
Corisoleum Societa Italiana, 100// 

I Corium, 567 ; chemical composition, 568 
1 ... flour, 182^ 

— oil soap, 109-118, 114 

— starch manufacture, 182 
Correcting colours, 561 
Corrosion by sulphur dioxide, 194 
Corypta cenfera, , 60 
Cosmetics, lanolin, 60 

Cotton, 187, 212; action of caustic soda 
on, 205*206, 516; after-treatment with 
metallic salts, 553', animalisation of, 
516; basic mordants for, 551 bleaching 
of, 520-523 J dyeing, 532, 544*545 i dye¬ 
ing direct, 544-545 \ dyeing indigo, 554- 
555; dyeing turkey red, 552; dyeing 
with acid dyes, 546-547 ; dyeing with 
basic dyes, 547 , 549 , 55*5 Egyptian, 
406, 515; for incandescent mantles, 406; 
gun-, 624*629; loose fibre dyeing, 539 ; 
mercerisation of, 205-206; natural direct 
dyes for, 546; nitrating process, 207, 
624,625; Sea Island, 406; statistics, 518, 
519; tendering of, 546; test for, 1O0/, 



INDEX TO SUBJECTS' 


707 


527 ; waste, 624 ; waste fibres, cellulose 
from, 195 ; waterproofing, 526, 527 
Cotton colours—see Cotton dyes , Direct dyes , 
Substantive dyes 

— dyes, 439 ; after-treatment of, 545, 553 ; 

direct, 443, 445-447* 544-54$; sub¬ 
stantive—see Direct cotton dyes 

— fabrics, printing, 560-561 

— fibres, 515, 516 ; tests for, 203 

— goods, sizing, 53 

— orange R, 444 

— rags, 304, 305 

— scarlet, 491 

— seed, pressing, 29 

— seed cake, 22, 23, 24 

— seed oil, 22, 23, 24, 44* 54, 5$, $i» 62, 63, 

$5* ^5* 549 J hydrogenation of, 1000; 
refining processes, 34 ; statistics, 22, 23, 
24 ; test for, 44, 1007* 

— seed oil soap, 102, 103, 109-110, 114, 115, 

11 7 

— seed stearine, 87 

— waste, 195, 624 
Couch, 259 

— rolls, 201 

Couched pasteboard, 202 
Couching, 259 
Coughs, cures, 330 
Coumarin, 138 
Coupling—see Diazotising 
Cow hair, 517 

— milk, 67-73 
Cowrie, 346-348 
Coxin, 656 

Cracking process, 5, 14a 

— stills, 5. 14 a 

Cream, 68; ripening of, 73; statistics of, 
78 

Cream of tartar, 234, 373 ; mordanting with, 

„ 550 
Creosote, 329 

— oils, 417, 418 ; impregnation with, 190 
Creosoted timber, 190 

Cr6peing machines, 357 
Cr£pon effects, 206 
Cresilite, 634 

Cresol, esters of, 209; estimation of, in soap, 
121 ; manufacture, 418 ; properties, 422 j 
nitro compounds, 632, 633 
Cresylic acid—see Cresol 
Cretene, 419 
Crimson lake, 510 
Crocein scarlet, 445, 547 
Crocus, 486 

— sativus (Orient), 486 
Crossdye, 546 

Cross-wound bobbins, drying, 543 5 dyeing, 
540-541 

Croton oil, 43 . S 4 , 57 .61, by 64 
Croton ic acid, 21 
Crown leather, 589 
Crumsall direct, 448 

— fast blue, 553 
Crushing rolls, 28 ; cane, 153 
Crutchers, soap, 102, 105, 106 
Crystal ponceau, 442 


Crystal scarlet, 442 

— violet, 468, 469, 533, 548, 656 
Crystallisation of sugar, 160-162 ; boding to 

160; effects of salts on, 142, 143, 161 

163 ; in motion, 161 
Crystallised British gum, 184 
C. T. Bate (drench), 581 
Cuba black, 449 

Cube sugar, 166 
Cuite, 518 

Culture yeasts, 227, 228-230, 231-234 
Cuprammonium, 189, 202, 213; cellulose 
solutions in, 189 ; waterproofing with, 
189, 213, 527 

Cuprous chloride, 400, 408 

— hydroxide, 189 
Curbs, 108 
Curcuma, 75, 486 

— tonga, 486 

— root, 87 

— rotunda , 486 

— starch, 178 
Curcumine, 486 

— S, 450, 451 
Curcuphenine, 451, 545 
Curd, milk, 69, 75 ; see Casein 
Curing sugar, 161 

Currant wine, 240 
Curriers’ tools, 572 
Cutalase, 221 

Cutch, 486 ; statistics, 483 
Cyanine, 479, 655 
Cyanines, 655 
Cyananthrene, 456 
Cyananthrol, 553 
Cyanoacetic acid, 616 
Cyclohexane, 366^ 

Cyclopentadiene, 366 a 
Cylinder presses, 27 
Cylinders, drying, 201 
Cymogene, 7 
Cytase, 220, 255, 259 

D 

Dag, 12 

Dahlia, 169 

Dahlmenite, 635 

Damask effect, 197 

Dammar, 346, 348 ; constants of, 350 

Dandy roll, 201 

Dartring saponifier, 93 

Date sugar, 141 ; see also Sucrose 

Datura stramonium 615 

Dauerhefe, 222 

De Bruyn, Ltd,, 100 n 

De Costa latex coagulating plant, 354-355 

De No Fa Co., \oof 

Deadly nightshade, 603, 615 

Decanitro-cellulose, 628 

Decay, alkaloids of, 223 

Decoction beers, 276 

Decolourisation, by albumen, 164; by 
aluminium sulphate, 164, 594; by blood, 

164 ; by superphosphate, 16*1: of tar¬ 
taric acid, 373 
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Dccolourisation agents, 164, 549 
Defecation of sugar syrup, 150-155 
Defecators for cane juice, 155 
Degras, 41, 589 

Degrees “ Bailing, 291; hydrometer, 665, 
666; thermometer, 664 
Dehne frame-press system, 151 
Dchydromdigo, 462 
Dehming leather, 580-581 
Delphine blue, 476 
Delta purpunne , 446 
Demargmation of oils, 38 
Dementhohsed oil, 135 
Denaturing mixtures, 281 
Denning’s liming process, 155 
Dephlegmation, 298 

Dephlegmators, 125, 299, 300, 303-304, 306, 
331 

Depilation, 570 571 
Derby red, 500 
Dermis, 567 

Designolle’s torpedo powders, 645 
Dessauer retorts, 391-392 
Destructive distillation, 389, 390 
Detannisation, 583 
Detonators, 637-638 
Dextran, 143 

Dextrine, British gum, 119, 166, 176, 177, 
183, 184, 292, 346, 560; estimation in 
soap, 119; manufacture of, 184; stable, 
264-265 

Dextrines, 166, 167, 168, 169, 264-265 ; high 
grade, 264, 265 ; low grade, 264-265 ; 
presence in beer, 285 ; production from 
starch, 220, 264-265, 280-287, 292 
Dextrose, x 66 -x 68 , 195, 230; conversion into 
isomaltose, 220; conversion into lactic 
acid, 318; decomposition by yeast (see 
Alcoholic fermentation) ; presence of, in 
grape juice, 242, 243; production from 
wood, 294; rate of fermentation of, 240 

— hydrate, 168 

Developers, photographic, 657-660 
Developing papers, 661 

— dyes, 442,. 450 , 478 , 558 , , , 

Devulcanisation of rubber, 360, 363-364 
Diacetone amine, 605 
Diaminoazobenzol, 435 
Diamidooxydiphenyl, 658 
Diamidophenol, 658 
Diamidoresorcin, 658 

Diamine /?-bIack, 448 

— black, 446, 449 
blue, 446 

— brown, 446 

— bronze, 448 

— dyes, 545 

— green, 449 

— pure blue, 657 

— red, 446 

Diamines, catalytic oxidation of aniline by, 
557 

Diamrao dyes, 468 
Diaminobetuophenone, 434 
Diaminodiphenylmethane, 467, 468 


Diaminogen, 445 
Diaminonaphthalene, 424 
Diamol dyes, 545 
Diamond black, 449 

— green, 491 

— magenta, 491 

— salicine, 553 

— vinegar, 317 

— yellow, 443 
Dianil black, 655 
Dianol brilliant red, 446 
Dianthraquinonylamines, 457 
Diarylmethane ayes, 466 

Diastase, 220, 226, 227, 259, 276; action of 
heat on, 286; action on starch, 177,253, 
264-265, 286-287; composition of, 220; 
formation of, in malt, 255,259; influence 
of sugar on formation of, 255-256 ; malt 
as source of, 285; presence in fungi, 
286; presence in malt, 255-256, 259, 
264-265, 285-286; presence m moulds, 
225 ; properties of, 220; saliva, 220 ; 
stimulation by yeast, 287 ; test for, 291; 
vegetable, 220 
Diastatic enzymes, 220 

— power of malts, 285-286 
Diazo compounds, 385, 430 431 

— reaction, 441-442 

— salts, commercial, 558 
Diazobenzene chloride, 430, 431 

— nitrate, 431 

Diazotising, 441-442, 545, 55 8 
Dibdin photometer, 411 
Dichlorides, manufacture of, 366a, 366J 
Dichlormethane, 359 
Dichlorobutane, 366^ 

Dichromate—see Bichromate 
Dickmaische, 276 
Dicyanin, 655 
Didymium, 406 
Diet, cereal, 177 
Dieterich’s ink, 489, 491 
Diethylbarbituric acid, 609 
Diethylmalonylurea, 609 
Diffusers, 146, 147 
Diffusion battery, 147 

— juice, 150 

— process, 145 

— pulp. 149 

— slices, 148-150 
Digallic acid, 573 
Digester for fats, 891 
Diglycerides, 21 
Diglycerine, 623 
Dihalo^enides, 36 6d 
Dihydncphenol developers, 659 
Dihydroxyacetone, fermentation of 241 
Dihydroxydiammo-arsenobenzeitil€dd©fM% 

614 

Dihydroxyphenylethylmethylamltte, 612 
Di-iso-amyletber, 381 

Di-iso-propenyi, manufacture of, 366/1 see 
also JDimethylbutadiem 
Di-iso*propylene, properties 366 
Dill oil, 137 
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Dimethylaniline, 332, 425, 467 
Dimethylbutadiene, manufacture, 3 66 /; 

polymerisation of, 366a, 366/'-366^; 
properties of, 366 ; rubber from, 36^ 
Dimethylethylcarbinolchloral, 380 
Dimethylketone, 333 
Dimethylsulphate, 377 
Dimetbyltrimethylene dichloride, 36 6d 
Dinaphthylene, 418 
Dinaphthylketone, 209 
Dinitroacetin, 624 
Dinitrobenzene, 422, 423, 634 
Dinitroformin, 624 
Dinitroglycenne, 623 
Dinitromonochlorhydrin, 623-624 
Dinitronaphthalene, 424, 634 
Dinitrotoluene, 623, 632, 634, 636 
Diogen, 659 
Dioxine, 479 

Dioxyanthraquinone, 451 
Dioxynaphthalene sulphonic acid, 433 
Dipalmitostearin, 3 
Dipentene, 342, 358, 359 
Diphenal, 658 
Diphenyl, 419 

— fast black, 447 

— green, 449 

— ketone, 434 


— orange, 451 

Diphenylamine, 426 ; use as stabiliser, 642 

— blue. 548 

— sulphate, 216 
Diphenylmethane, 466 

— dyes, 466-467 
Dipropylbarbituric acid, 610 
Dipropylene (see also Butadiene) ; manu¬ 
facture, 36 6/; properties of, 366 

Dipropylmalonyl urea, 610 

Diphtheria, bacteria, 224 ; cure by serum, 224 

Direct cotton colours—see Direct cotton dyes 

— cotton dyes, 443 . 445 447 . 531 - 533 . 544 - 

545 ; after-treatment of, 545 

— dyes—see Direct cotton dyes 

— yellow, 450,451 

Disazo dyes, 443-447; from tetrazotised dia¬ 
mines, 445 ; mixed, 445 ; primary, 444 ; 
secondary, 4^4-445 ; symmetrical, 445 
Diseases, parasitic, 613-614 
Disinfectants, coal-tar, 418 
Disinfecting soaps, 115*117 
Distearin, 102 


Distempers, 511 
Distilbenzene-azo dyes, 544 
Distillation, continuous, 297 et seq.; literature 
of 295 ; of alcoholic mashes, 295 et seq .; 
of coal-tar, 416-417 ; of fatty acids, 93- 
94» of glycerol, 124-125, 128-129; of 
paraffin wax, 15 ; of petroleum, 5, 6; of 
wood tar, 329-330; regulation of, 305; 
simple, 295-296; vacuum, 5,10, 15, 124, 

^ ;*&***» 337 , 

Distilled grease, 60 

Distiller. aim 285; use of antiseptics by, 285 
DistiBaries* classification of, 281-282; farmer, 
Zto, #81, #82; potato, 292 


Distillers* malt, 285-286 
Distillery yeasts, 219; fermentation with, 
291 ; optimum temperature of, 29 
Distilling columns, 302, 303 

— operations, difference from brewing, 

285 

— plant, for alcohol, 295 et seq .; for essential 

oils, 132 et seq.; for glycerol, 124-128; 
see also Stills 
Distribution law, 533 
Divi-divi, 490, 573 
Divinyl—see Butadiene 
Dochnahl, 249 
Dodecanitro-cellulose. 628 
Doegling oil, 53 
Dolichos Soja ) 44 
Dolls, rubber, 362 
Dolphin jaw oil, 64, 65 

— oil, 54, 59. 65 

Dongola leather, 588 
Dopes, 216a 
Dorfite, 635 
Dormiole, 380, 608 
Double bowking, 523 

— effect evaporators, 123 

Dragon’s blood, 348, 486 ; constants, 350 
Dreaper on artificial silk, 212; on dyeing, 532 
Drenching process, 581 
Dresses, non-inflammable, 527 
Dressing leathers, 557, 578 
Driers, 45-48, 50 

— catalytic theory of, 46; fused, 47 ; lead, 

46,47,48 ; liquid, 47 ; moist, 47 ; soluble, 
47; testing, 48 
Drop black, 505 
Drop test for waterproofs, 527 
Drugs, 601-616 ; statistics, 602 
Drum stuffing, 579 
Dry cleaning of clothes, 8 

— effervescing powders, 248 

— liming, 151 

— plates, 653, 654 

— stuffing, 579 

— wash, 312 

Drying apparatus, 112-113, 115, 356, 541-544 

— cylinders, 201 

— oils, 40, 54, 56, 65 ; differentiation from 

fish, 65 
Dualine, 644 
Dubbing, 579 
Dublin breweries, 253 

— brewing waters, 266 
Dufay colour plate, 655 
Dulcin, 171 

Duplex colour printing machines, 561 
Duplicating blocks, 492 
Dust collectors, 257-258 
Dye vats, 534 * 541 , 546 

— woods, dyeing with, 534; extracting 

process for, 534; statistics of, 483 
Dyeing, 531-562; colloidal compound theory 
of, 533; electrical theory of, 533; litera¬ 
ture of, 531; of combed wool, 538; of 
cops, 538-541; of hanks, 537-538; of 
leather, 582-583; of loose fibres, 538-541; 
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of piece goods 535-537 ; of slubbing, 
538 ; of yarn, 537-53*$; preparing fabrics 
for, 534; reversible, 532 j solid solution, 
theory of, 533 ; theories of, 532-533; 
use of formic acid in, 371 ; washing 
operations for, 541, 542 ; with basic 
mordants, 550-551 ; with mineral colours, 
55 V’ 56o 

— mers, 536 

— ma< hinery, 534-544 
Dyera costulata , 358 
Dyes, acid—see Acid dyes 

— acid chrome, 553; adjective, 531, 533; 

after-treatment of, 545 ; anthracene, 451, 
458; basic (see Basic dyes) \ ciba, 556 
(see also Ciba colours) ; classification of, 
440-441, 531 ; coal-tar, detection of, in 
wine, 251 ; colloidal compounds of, 533; 
colour filter, 656, 657; developing, 450, 
558 ; direct (see Direct cotton dyes ); 
dissolving for dyeing, 534; indigo series, , 
458-466; mineral, 559 ; monogenetic, j 
531, 548; mordant, 531, 548 - 553;' 
natural, 483 ; nomenclature, 545 ; photo¬ 
graphic, 654-657 ; polygenetic, 548 ; 
production on fibre, 556-559; statistics 
of, 440, 483; substantive (see Direct 
cotton dyes); synthetic, 439-480 ; thio- j 
indigo series, 463-466; use as mordants, 
545, 549; vat, S 53 -SS 6 

Dynamite, 629-630; A. G., 622; de Trauzyl, 
644 ; gelignite, 632, 644 ; freezing of, 
630 ; manufacture of, 629-630 ; mixed, 
630; ordinary, composition of, 644; 
Rhenish, 630, 644 ; wood meal, 630, 631 
-- bases, 629-630 

— cartridges, 630 

— glycerol, 126, 130 

E 

Earth-nut oil, 43, 54,-57, 85 
Earth wax, 17 

Ebonite, 361 ; substitutes, 211 
E.C. powder, 646 
Ecgonine, 603-604; statistics, 602 
Ecrastite, 632 
Edible fats, 90 

— oil, demargination of, 38; deodorisation 

of, 35 ; refining, 35 
Edinol, 658, 659 
Effervescing wines, 247, 248 
Egg albumen, 597 

— white, 245 

— yolk, 86, 588 

Egrot’s still trays, 302, 303; stills, 132, 133, 
302 et seq. 

Egyptian cotton, 406 
Egyptians, 508 
Eighty per cent, flour, 179 
Eikonogen, 659 
Einbrennen, 579 
Elaeomargaric acid, 21, 45 
Elaeostearic acid, 21 
Elaeostearin, 21 


Elaidic acid, melting point, 95 ; hydrogena¬ 
tion of, 10 0(1 
Elaidin test, 65 
Elaine, 86 
Elastes, 364 
Elastic fibres, 567 
Klberfelder Farbenfabriken, 384 
Elderberry wine, 249 
Electric glow lamp standard, 410 

— light, illuminating efficiency of, 408 
Electrical preparation of organic compounds, 

434-436 

-- theory of dyeing, 533 
Electrolysis, of brine, 196; of magnesium 
chloride, 196; preparation of organic 
compounds by, 435 

Electrolytic coagulation method of rubber 
latex, 354-355 
.-hydrogen, 100c 

— oxidation, 434-436 

— reduction, 434-436 
Electronite, 635 

Elemi, 348 ; constants of, 350 
j Elephant skin, 569 
I Ellagitannic acid, 573 
[ Elta burners, 403 
Embryo, nourishment of, 259 
Emerald green, 503 
Emeraldine, 480 
Emeraldol, 553 
Emmensite, 645 
Emulsin, 221 

Emulsions, photographic, 653, 661 
Enamels, 48-49 
Endecanitro-cellulose, 628 
Endo-enzymes, 227 
Endosperm, 179, 255 
Endospores, yeast, 227 
Endotryptase, 221, 222, 227 
Engine sizing, 199 
English plaster, 595 

— white, 507 
Enlactol, 80 

Enzymes, 219 222,253,259,264-265 ; alcohol* 
producing, 227; clotting, 221 ; coagu¬ 
lating, 227 ; diastatic, 220 ; endo, 227 ; 
hydrolysing, 227; intracellular, 227; 
inverting, 221; literature of, 219; mode 
of action of, 220; nomenclature of, 220; 
oxidising, 227; present in yeast, 226; 
properties of, 219; proteolytic, 221, 227, 
255 ; reducing, 227; reversible actions 
by, 220; saponification by, 93 ; specific 
action by, 220; sugar splitting, 227; 
syntheses by, 220 

Eosin, 471, 491 ; use as sensitiser, 655 

Eosines, 471, 548 

Epidermis, 567 

Epinephrine, 610 

Epinine, 612 

Epispem, 179 

Epithelium, 567; diastase formation in, 255* 
256,259 
Ergamme, 613 

Ergot, 601, 612-613; chemical constituent* 
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of, 612-613 ; detection of, 612 \ statistics 
of, 602 ; testing, 612 
Ergotism, 612 
Ergotoxine, 612 
Enocyanine, 470 
Erodin, 225, 580 

Erythrene, 366, 471; see also Butadiene 
Erythro-dextrines, 177 
Erythrosin, 471, 491, 548, 657 ; use as sensi- 
tiser, 655 

Erythroxylon coca , 603 
Esparto, 187, 198, 517 ; statistics, 203 ; tests 
for, 203 

Essences, cocoa-nut oil, 384 ; cognac, 384; 

fruit, 382-385 ; vinegar, 331 
Essential oil alcohols, 136 

— oils, 132-135 ; adulteration of, 135; 
analysis of, 134-135 ; artificial, 135, 136- 
138; characteristics of, 133 134; com¬ 
position of, 133; extraction plant for, 
*32-133 ; literature of, 132 ; natural, 132- 
135 ; statistics, 22, 135 

Esters, 382-385 ; fatty acid, 251 ; perfuming, 
137 , *38 

Ethane, in coal gas, 396 
Ether, 228, 380-382, 603; acetic, 382-383; 
butyric, 383 ; extraction plant, 133 ; im¬ 
purities in, 381 ; manufacture of, 381- 
382 ; methyl, 382 ; properties of, 382 ; 
purification of, 382 ; statistics of, 382 ; 
sulphuric, 380-382 ; use as solvent, 30, 
212 ; uses of, 382 
Ethers, 380-382 ; fruit, 385 
Ethyl acetate, 143, 2 5 T » 382-383, 3 %S 

— acetoacetate, 606 

— alcohol, 298; see Spirits , Industrial 

alcohol. Alcohol 

— butyrate, 220, 383 

— bromide, 377, 603 

— benzoate, 384 

— chloride, 377, 603 

— - <?yanin, 655 

— formate, 382 

— green, 469 

— nitrate, 384*385 

— red, 655 

— violet, 469, 655 

Ethylene, 366 c ; butadiene from ? 366c; 
conversion into alcohol, 283; isoprene 
from, 366^ 

— blue, 548 

— chloride, 8 
Eucains, 605-606 
Eucalyptol, 135 
Eucalyptus maculata, 137 
Eucalyptus oils, 135 
Eucasein, 80 
Eugenol, 135, 138 
Eulactol, 80 

Euncanitro-cellulose, 628 
Eurhodines, 473 
Eurotium oryxee, 286 
Euthanthic acid, 486 

Evaporation, multiple effect, 15 5-159 ; 
vacuum, 155-160 


Evaporation test (oils), 12 
Evaporators, double effect, 123 ; milk, 81-83 ; 
quadruple effect, 156; soap lye, 123; 
triple effect, 123; vacuum, 160 
Everett-Edgecumbe photometers, 410-411 
Exhausted sugar syrups, 163 
Exhausters, 391 
Explosions, oil, 8 

Explosive mine gases, testing, 636 
Explosives, 619-649; ammonium nitrate, 
634-636; analysis of, 642 ; charge limit 
of, 635 ; chlorate, 636-637 ; composition 
of, 644-646 ; flameless, 635 ; perchlorate, 
636 ; permitted, 619, 649 ; plastic, 636 ; 
safe ? 635-636; stability tests, 643; 
statistics, 647-648; testing, 642-643; 
testing for safety, 635 ; unsafe, 635-636 
Export beer, 275, 276 

Extract, apparent, 274-275 ; beer, 73, 265, 
274, 275 ; estimation of, 274; malt, 263, 
263^, 264, 265 ; real, 274-275 ; wine, 
246, 250 

Extracted meal, 33 ; see Oil cake , Press cake 
Extracting apparatus, 8, 66, 133-134 
Extracts, d>ewood, 483; manufacture of, 
574*575 ; tanning, 490, 574-575 

F 

Fabrics, drying machines for, 543; non- 
inflammable, 526, 527 ; waterproofing, 
526-527 ; Willesden, 189, 527 
Face powder, 183 
Factis, 365 

Factories, compressed yeast, 237 ; soap, 105, 
106 ; spirit, 292, 293 
Fahlberg's saccharine, 1 71 
Fahrenheit degrees, 664 
False grain, 161, 166 
Faller-stocks, 569, 570 
Farina, 176 
Farinator, 254 
Farmer distilleries, 280 
Farmer’s Keir, 522, 529 

— reducer, 660 
Fascanthrene, 556 
Fast acid violet, 472 

— black, 548 

— bluish green, 657 

— brown, 444, 448, 547 

— green, 479 

— red, 442, 547, 656 

— violet R, 405 

— yellow, 491 

Fat, beef, 25 ; bone, 31, 36, 41, 54, 57, 595 ; 
butter, 40, 54, 58, 61, 62, 64, 65, 85 ; 
caul, 26; cheese, 77 ; cooking, 87; 
garbage, 26 ; goose, 40; horse, 41, 62 ; 
milk, 67, 69 j rancid, 21, 62 
—* glands, 567 
—■ liquoring, 580, 586 

— splitting enzymes, 221; see Lipase 

— splitting processes, 89-93 

Fats, 19 et seq., 24 et seq 101 ; action of 
sulphuric acid on, 91; animal, 40-41, 
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54*59 » chocolate, 41; classification of, 
39; differentiation between animal and 
vegetable, 66; edible, 90; estimation of 
glycerolin, 130; hardening of, 100a; hydro¬ 
genation of, 100a; hydrolysis of, 23; in¬ 
troduction into leather, 580; nature of, 3, 
20; nickel m, loop \ properties of, 21; 
rancid, 21, 62 ; saponification of, 22, 
89-93 ; saponification by sodium carbon¬ 
ate, 108; saponification by sulphuric acid, 
90; saponification by superheated steam, 
89; soap-making, 90; specific gravities of, 
61 1 statistics of, 22,23; synthesis of, 23; 
varieties of,39,60; vegetable, 41-52,54-59 
Fatty acids, 20, 89; butter, 74; constants 
of, 55-59 ; crystallisation of, 94, 95; 
distillation of, 93; esters of, 138, 382- 
385; manufacture of, 89-100; pressing 
process, 94; soaps from, 108-109 
Fatty aromatic acids, 92, 93 

— oils, varieties of, 39-60 
Faversham powder, 635-645 
Faviente, 645 

Fehling’s solution, 166, 169, 183, 188, 197, 
250,273,291,624 
Feints, 298, 300 
Feminella, 574 
Fennel, 371 

Fermentation, action of phosphates on, 222, 
241 ; after-, 244, 266; bottom, 244, 274, 
276-277 ; by-products of, 292-293 ; con¬ 
trol of, 274 ; degree of, 274 ; influence 
of temperature on, 240; intermediate 
compounds in, 241; nature of, 219; 
of distillery mashes, 291-292 ; of grape 
juice, 243 ; of sucrose, 143 ; primary, of 
beer, 266, of wine, 244; rate of, 239- 
240; secondary, 244, 266 (see After- 
fermentation ); temperature of, 274 ; 
top, 244, « 74 , 276 

— industries, 219-320 

— vats for indigo, 555 
Fermenting power of yeast, 238, 239 

— rounds, 274 
Ferments, 219, 223 

Fembach’s acetone process, 333; cultures, 
366^; fusel oil, 314, 366^ 

Ferric ferrocyanide, 502 
Ferro-silicon explosives, 636 
Ferrous sulphate, 395, 501,555 (see Copperas) 
action on glue, 593 ; impregnation with, 
190; driers, 47 

Fibres, animal, 517*519, 532; artificial, 215; 
cellulose, 196,197; hemp, 202; industrial, 
515-519 (also see Textile fibres) \ litera¬ 
ture of, 515; loose, 543; statistics of, 
5x8-519; tests for, in paper, 203; textile 
(see Textile fibres\ 515-519; vegetable, 
515-517* 532; vulcanised, 189 
Fibroin, 518 
Ficus,%S 3 
Ftg wine, 249 
Figs, alcohol from, 283 
Filament lamps, 407 
Filaments, lamp, 189 


Filled soap, 105 
Fillers, soap, 107 

Filling agents, for paper, 200; for soap, 117. 

118 ; for tyres, 364 
Film-type distilling columns, 302-303 
Films, cellite, 210; cellulose acetate, 2x6 
Filter presses, 33, 34, 151 

— red, 656 

— yellow, 656 

Filters, char or charcoal, 165, 300-302 
Finings, 245 

Finishing, 561-562; agents, 183; dressing 
leather, 578; leather, 583 
Fir, distillation of, 325 ; Scotch, 337 
Fireproofing, chemicals for, 191, 527; of 
fabrics, 527 ; of timber, 191 
First wine, 243 

Fish, quick smoking process, 329; bladder 
glues, 596 ; glues, 595 

— oils, 26, 40, 41, 5J, 58, 64 ; bleaching, 36; 

constants of, 54, 55, 58, 59; deodorising, 
36; differentiation from drying oils, 65 ; 
hydrogenation of, 1000, loop; iodine 
values of, 40, 41, 55; statistics, 22, 
23 , 24 

— stearme, 41 

— tallow, 41 
Fission, 223 

Fixing baths, 660, 661 
Flagella, 223 

Flakes, com, rice, 252, 265 
Flannel, 561 
Flare lamps, 399 
Flashlights, 657 
Flash point, 9 
Flavanthrene, 455, 556 
Flavin, 485 
Flavinduline, 475 
Flavopurpurine, 451 

Flax, 187, 516; retting process, 219, 225, 5x6; 

statistics of, 519 
Fleshing knife, 572 
Flicker photometers, 409 
Floating soaps, 103, 106, 117 
Floors, for growing malt, 259; for malt kilns, 
260; for soap factories, 105 
Floss silk, 518 

Flour, 175; bakers’, 179; 80 per cent, 
179; potato, 176,182; self-raising, 234; 
wheaten, 179-180; wholemeal, 179 
Flower scents, extraction of, 132, 133 
Fluorescein, 47 x 
Foertsch’s pencil for glass, 493 
Foods, cattle, x8i, 182, 312; casein, 80; 
cereal, 177; children’s, 73, 80, 84; milk, 
80-84; molasses, 163; potato starch 
residues, 182; purified yeast, 275 
Foots, glycerol, 125,126; olive oil, 117 
Forcite, 644 
Forerunnings, 307 
Foreshots, 307 

Formaldehyde, 228, 332, 364, 375 * 37 *, 3 * 4 , 
467,409; action on gelatine, 596: action 
on glue, 593; action on phenol*. 8it; 
hardening effect* o£ 21a, 215, prepare- 
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tion by electrolysis, 435 ; preparation 
from methane, 375; preparation from 
methyl alcohol, 375 ; resins from, 211 ; 
specific gravities of solutions of, 376 ; 
toughening effects of, 210, 215 ; use in 
dyemg, 545 ; uses, 375, 545 
Formaline, 375*376 (see Formaldehyde) ; 
specific gravity table, 376 

— soaps, 117 
Formamide, 380 
Formate, cellulose, 214, 216 

— ethyl, 382; methyl, 375; sodium, 369, 

370 

Formates, oxalic acid from, 369-370 
Formic acid, 20, 169, 330, 370-371, 
581 

— acid, anhydrous, 370-371» statistics, 371, 

376; uses, 371, 550 
Formin, 20 
Formyl violet, 655 
Foster’s waste lye evaporator, 123 
Foul main, 39^ 

Foulness of wine, 245 
Fourdrinier paper machine, 200-201 
Fractionating col umn, 417-418 
Frames, soap, 104, 105 
Frankfurt black, 505 
Frankolime, 400 

Free carbon in tar, estimation of, 420 
French turpentine, 337 
Freudenreich flask, 230, 231 
Frilling, 653 
Frohberg yeast, 229 

Fructose, 141, 142, 168, 169; hydrolysis of, 
221 

Fruit essences, 314, 382-385 

— ethers, 385 

— sugar—see Levulose , Fructose 

— wines, 249 

Fucbsine, 439, 440, 469, 656 
Fiillmasse, 160 
Fuels, motor, 279 

“Full column" distilling plant, 302 
Fullers’ earth, 37, 38 
41 Fulling” cloth, 562 
Fulminate of mercury, 637*638, 643 
Fulxninic acid, 637 

Fungi, 223; diastase secreting, 225, 249, 28c 
Funtumia latex, 355 

Furfurol, 332; estimation in spirits, 313 
Furnaces, malt-kiln, 260-261; regenerative, 
_ 390 

Furniture polishes, 53 

— woods, 188 

Fusel oil separators, 301 

— oils, 225, 226, 251, 293, 298, 300, 301, 

306,307,308,314 ; composition of, 314 ; 
estimation of, m spirits. 313 ; Fern bach’s, 
314, 366366^; formation during 
alcoholic fermentation, 23$, 226, 314; 
manufacture of; 3x4; production of 
iaoprexie from, 366^, 366^; production 
of rubber from, 366,4, 366*; wine, 251 5 
statistics of, 314 

Fustic, 485, 552; statistics of, 483 
49 


G 

Galactose, 141, 221; rate of fermentation of, 
240 

Galalith, 79, 210 
Galena, 500 
Galician oil, 5, 13 

— ozokerite, 17 
Gallamine blue, 476 

Galland’s pneumatic malting drums, 261, 
262 

Gallazine, 553 
Gaileine, 472 

Gallic acid, 489, 490; bating with, 581; 
inks, 489 

Gallocyanines, 476, 553 
Galloflavm, 480, 553 
Gallotannic acid, 489, 490, 549, 573 

- inks, 489 

Galls, 489, 490, 549 . 573 . 574 
Gall’s wme improving method, 246 
Gambia, 346, 347, 549, 573 574, 577 ; statis¬ 
tics, 575 
Gambine, 479 

Gamboge, 348, 486; constants of, 350 
Garbage fat, 26 
Garcinia morella, , 486 
Garnet lac, 348 

Garrique’s process of glycerol recovery, 126- 
129 

Gas, 389, 408 (see also Coal gas, Oil gas , 
etc.; acetylene (see Acetylene gas ); air 
(see Air gas) ; analysis, 408 ; calorific 
value, 390 ; candle-power, 392 ; carbur- 
etted, 395, 397; coal, 389-396 (see also 
Coal gas) • composition of, 392, 396 ; ex¬ 
plosive mine, 636 ; heating value of, 389 ; 
illuminating value, 399,411; leakage of, 
396; literature of, 389; meters for, 130 ; 
natural, 400 ; oil, 398, 399 (see also Oil 
gas); purification of, 393, 395, 398; 
storage of, 396; wood, 325 

— black, 509 

— coal, 390 

— holders, 396 

— meters, 396 

— retorts, 390-392 

— works, 393 
Gaslight papers, 279 
Gasolene, 279 
Gasoline, 7, 8 
Gasometers, 396 

Gastric juice, action on gelatine, 568 5 
enzymes in, 220 
Gaultheria procumbens % 384 
Gelatine, 595*596, 654 (see also Glue) ; 
action of alum on, 527, 588, 593, 594; 
action of bichromate on, 527,584; action 
of enzymes on, 568; action of ferrous 
sulphate on, 593 5 action of formaldehyde 
on, 593, 596; action of gastric juice on, 
568 ; action of tannin on, 527, 593, 595, 
596 ; agar-agar, 596; blasting, 629-632, 
644; combinations of, 568 (see also 
under Tanning); composition of, 593; 
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estimation of, in soap, 119 ; fining, 245 ; 
insoluble, 596; literature of, 593; rubber 
substitutes from, 364; uses of, 596; 
waterproofing with, 527 
Gelatine colours, 656 

— dynamite, 629-632, 635 (see also Blasting 

gelatine); composition of, 644 

— silk, 214 

— astralite, 636 
Gelbholz, 485 
Gelbkraut, 486 
Gelbwurzel, 486 

Gelignite, 629, 630-632 ; composition of, 644 

Geloxite, composition, 644 

Gentianine, 477 

Geraniol, 134, 136 

Geranyl acetate, 138 

Germ, barley, 255 ; breathing of, 255 ; maize, 
182 ; wheat, 179 
German dye industry, 439-440 

— lager beer, 276-277 

— machine, 51 

— malting kilns, 263 

— starch industry, 176 
Germania Werke, 100/ 

Germinating barley, changes in, 255, 259 

— floors, 259 

Germination, loss of weight during, 264 
Germinative power, determination of, 255 
Giant powder, 644 
Gilders' whiting, 507 
Gin, 283 

Ginger-beer plant, 230 
Gironde, 283 
Glacd kid, 537 
Glacial acetic acid, 330-332 
Glacier blue, 468 
Glanzstoflf, 213 
Glasgow, 397 

Glauber's salt, 524; use in dyeing, 545 

Glazes, starch, 183 

Glazing machine, 583 

Gliadin, 179 

Globulin, 69 

Glove kid, 588 

Glover-West carbonising retorts, 392 
Gloves, statistics, 565-566 
Glow-lamp standard, 410 
Gloy, 183, 184 
Glucase, 221 

Glucose, 141, 142, 166-168, 177, 221, 246, 
579 

— diffusibility of, 154-155; equivalency of 

to other brewing materials, 273; estima¬ 
tion of, 169; manufacture of, 166-168; 
presence of, in cane-sugar iuice, 155,160; 
hydrate of (see Dextrose hydrate ), 168 

— syrups, 167-168 

Glucosides, decomposition by ferments, 221 
Glucosines, 167, 168 

Glue, 203,593-595 (see also Gelatine); action 
on, of alum, 593, of ferrous sulphate, 593, 
of formaldenyde, 593, of tannin, 593, 
595 ; bone, 594-5?5 ; cetera, 79, 596 5 
chemical composition of, $93 ; de- 


colourisation of, 594; fish, 595; liquid, 
596 ; literature, 593 ; manure, 596 ; pre¬ 
paration from tanned leather, 594; 
rubber substitutes from, 364; statistics, 
596 ; testing, 203, 595 ; uses, 595 
Glutamine, 259 

Gluten, 177, 178, 179, 180, 593 ; meal, 182a; 

starch, 178, 180 ; wheaten, 177 
Glutenin, 179 
Glutin—see Gluten 
Glutoform, 596 
Glutol, 596 

Glycerides, 3, 20, 21, 73; di-, 21 ; mixed, 21, 
74; mono-, 21 
Glycerin—see Glycerol 

— dinitrate, 623 

— monochlorhydrine, 623, 624 

— polymerised, 623 

Glycerol, 3, 20, 89, 90, 91, 92, 101, 102, 103, 
106, 107, 108, 109, 110, 122-131, 194, 
222, 293, 370, 428, 561, 586, 620; addi¬ 
tion of, to wine, 247 ; boric acid solution, 

130 ; crude, 124; decolourisation of, 125; 
detection of, 118, 119, 130^ 131 ; distilla¬ 
tion of, 124-125, 128-129; dynamite, 
126, 130; estimation of, 118, 119, 130, 

131 ; extraction, 93; foots, 125, 126; 
half-refined, 125; loss by evaporation, 
124; nitrating process, 620-622; nitric 
esters of, 620-024; occurrence in fer¬ 
mented mash, 226, 251; presence of, in 
fats, no, 130; presence in inks, 491; 
presence in wine, 251 ; properties of, 
130; recovery of, 109, 122-126 * refined, 
126; soaps, 106-107, 114, 117; solu¬ 
bility of ferments in, 220; solvent pro¬ 
perties of, 130; statistics, 130; trans¬ 
parent soaps, 112-114; uses of, 129-130; 
yield from various soap-stock, 110 

Glyceryl acetate, 383 

— borate, 130 

— phosphoric acid, 130 

— sulphate, 91 
Glycin, 658 

— red, 655 

Glycogen, rate of fermentation of, 240 
Glycol, isobutylene, 251 
Goat hair, 517 

— milk, 67 

— skins, 569, 582, 587 
Gold toning baths, 660 
Golden syrup, 163 

Goldschmidt's formic acid process, 37a 

Golf balls, 364 

Goloshes, rubber, 361 

Goose fat, 40 

Gooseberry wine, 249 

Gossypium, 515 

Grading barley, 257 

Grain, alcohol production from, 280; photo* 
graphic, 654, 661 

— boiling of sugar syrup, 160 

— distilling, 285 
Graining soap, 102 
Gramophone cylinders, 18 



INDEX TO SUBJECTS 


7 i 5 


Grandmougin, 462 
Granulated sugar, 166 
Granules, 227 

Grape juice, 168, 229, 243; composition of, 
243; fermentation of, 243-244; sugars 
of, 242 

— nuts, 179 

— oil, 251 

— seed oil, 43, 54, 57, 242 

— skins, fermentation of, 251 

— sugar, 229; see Fructose , Invert sugar 
Grapes (see also Vine cultivation ), pressing, 

242 ; sugar content of, 242 ; defloccu- 
lated, 12 

Graphite paints, 506 
Grass, ramie, for mantles, 406 
(Masses, 187 
Gravy colour, 168 

— salt, 168 

Gray—see under Grey 
Grease, cart, 60; distilled, 60; lubricating, 
11; rosin, 331; soap from, 109-110; 
Wakefield, 53; wood, 53; Yorkshire, 
S 3 , 60 

Grease-proof paper, 202 

Greek Islands vine cultivation, 242 

Green leather, 588 

— malt, 259, 260, 286, 292 

— naphtha, 8 

— oils, 8, 60 

— paints, 502 

— soap, no 

— ultramarine, 505 
Grinders, rubber, 361 
Grist, 268, 276 
Grits, 268, 269 

Grondal’s tunnel kiln, 326-327 
Ground nuts, 30 
Growing floors, 259 
Guaiacol, 137, 328, 329, 330 
Guayule, 353, 354 
Guhr dynamite, 629 
Guignet's green, 508 

Guillaume’s combined distillation and recti¬ 
fication still, 308-311 ; inclined column, 
302-304 ; spraying columns, 303 
Guinness & Co., 253, 259, 270 
Gum, 180, 184; acacia, 346; accroides, 348, 
350; arabic, 184, 346; Benjamin, 347- 
348; British, 177, 183, 184; jelutong, 
358; juniper, 349; kauri, 50, 346, 348; 
kowrie (see Kauri ); lac, 485 ; starch, 
176, 177, 184; tragacanth, 117 
Gumigutt, 486 
Gumming of oils, 12 

Gums, 345-350; action towards solvents, 
350; definition of, 345 ; identification of, 
549-350; literature of, 345 ; properties, 
349)31)0; statistics, 345 ; table of specific 
gravities. 350 

Gun-cotton, 624-629,635; detonation of, 627, 
628; displacement plant for, 626; pro¬ 
perties of, 628, 629; pulping of, 627, 
628; stabilisation pf, 626; tests, 642- 
643 


Gunpowder, 323, 6x9-620, 635 
Gutta-percha, 365, 365a; substitutes, 2:1 
Gutti, 486 
Gyle, 316 

Gypsum, 245, 266, 507, 561 


H 

Hair, statistics, 519; artificial, 215; camel, 
517; cow, 517; goat, 517 ; horse, 517 ; 
human, 519; llama, 517 
Haematein, 484, 551 
Haematoxylin, 484, 490, 551 
Hccmatoxylon campechianum (see Lo%wood\ 
483 , 55 i 

Half-corn separators, 257 
Half-stuff, 195, 199 

Halliday’s sawdust charring plant, 328 
Halogen derivatives, aliphatic, 376-380; 
aromatic, 422 

Halogenised indigo dyes, 461-463 
Ham, smoking process, 329 
Handles, 360 
Hank dyeing, 537*538 

Hansen’s apparatus for pure yeast culture, 
231-232 

Hard rubber, 360 

— soaps, 101 

— water, 544 

Hardened fais i 100a et seq .; analysis of, 
100/; iodine, value of, ioc^J; nickel in, 
1000 ; tests for, 100/ ; uses of, 1000 

— oils —see Hardened fats , Hydrogenation 

of fats 

Harger-Terry hydrogen process, ioo* 
Harness leather, 578 
Harvey express vacuum pans, 160 
Head products, 306, 307 
Heating, regenerative, 390, 391 
Heavy leather tannage, 575-580 

— oils, 417 

— spar, 506 

— tar oils, 329 
Hectographic inks, 491, 492 
Heckmann’s fractionating still, 417, 418 

— glycerol still, 125 
Heaonal, 609 
Hefner lamp, 383, 410 
Hehner values, 54, 64, 75 
Helindone brown, 556 

— fast scarlet, 556 

— orange, 556 

— red, 556 

— scarlet, 556 

— yellow, 556 
Heliotropin, 137 
Helvetia leather, 589 
Hemisine, 610 
Hemlock, 574 

— bark, 577 . . 

Hemp, 187, J statistics, $18-519 

— bast artificial, 215 

— fibres, 202, 203 
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Hemp oil—see Hempseed oil 
Hempel’s gas apparatus, 408 
Hempseed oil, 45, 54 » 56, 62,63, 65 
Hen dung, 577 
Henze steamer, 287, 288, 289 


Heptanaphthene, 4 
Heptyl alcohol, 251 


Heratol, 400 
Hercules powders, 644 
Hessian (dye), 545 

— yellow, 447 

Heuman’s indigo synthesis, 459, 464 

Hevea, 353 ; yield of rubber from, 365 

Hevea braziliensis , 353 

Hewitt mercury lamp, 407 

Hexane, 4, 417 

Hexabromindigo, 462 

Hexanitro-diphenylamine, 034 

Hexose phosphates, 222 

Hexoses, 141 

Hexyl alcohol, 251 

Hide fibre, combinations oi, 568 

-glue, 593-594 . . .. . _ 

— substance, estimation of dissolved, 572- 

573 

Hides, 568; action of salts on, 569 ; rounding, 
575-576 ; statistics of, 565-566 
High-pressure soaps, 107 
Hippopotamus hide, 569 
Hock, 247, 248 
Hochst Farbwerke, 224, 459 

— new blue, 470 
Hofmann violet, 469 
Hollanders, 195, 198, 208, 627, 628 
Holophane lumeter, 411 
Homogenisation of milk, 82 
Homokol, 655 

Honey, 169 
Hop flour, 254 

— oil, 265 

— resins, 254, 265 
Hopping, 265, 275, 276 

Hops, 354, 267 ; addition to wort, 265, 271; 
, statistics, 252-253, 254 
Hordenine, 613 
Hordeum distichum , 254 

— hexastichum , 254 

— sativum , 254 

— vulgare , 254 
—• zeocritan , 254 
Horn, artificial, 210-211 

— substitutes, 79, 80, 210-211 
Horny materials, 211 

Horse, flit, 41, 62; foot oil, 41; hair, 517, 
519; artificial, 215 ; milk, 67 
Hose, rubber, 362 
Hot air drying, 543 
—- extraction plant, 32 

— feints, 298 

— solvent process for oil extraction, 31 
Homan hair, $19 

— silk, 67,68 

Humphrey & Glasgow’s carburetted water- 
gas plant, 397, 39® 

Humulus lupmus, 234 


Husks, removal from malt, 268-369 
Hyaenic acid, 20 
Hyaline layer, 567 
Hydrastine, 615 
Hydrastis canadensis , 645 
Hydrated pressure soaps, 108 

— soaps, 107 
Hydraulic leather, 587 

— main, 393 
Hydrazine, 376, 654 

— hydrate, 638 * 

Hydrocarbons, 4, 5 ; estimation of, in gases, 

408 j see also Anthracene, Benzene , etc. 
Hydrocellulose, 187, 188, 197, 516, 624 

— gun-cotton, 197, 202 

— sulphuretted, 197 

Hydrochloric acid gas, 340, 366^, 36 6d, 366^, 
382 

Hydrocyanic acid, 393, 394, 395 
Hydro-extractors, 541,543; see also Turbina, 
161, 162, 163 

Hydrofluoric acid, 228 ; coagulation of latex 
by, 354 ; hydrolysis by, 167; use of, in 
mashes, 291 

Hydrogen, 99, \ood, 100*, 392 ; active, 100 d, 
10 on ; amount required for hydrogena¬ 
tion, 100 d ; dissociation of, ioo^f, ioo« ; 
estimation in gases, 408; for military 
balloons, 406; lifting power of, 406; 
manufacture of, 100^ 1001,406; nascent, 
reduction by, 100, 100 a, 100 b; pressure 
effect on hydrogenation, 100*; processes 
for manufacture of, looe; production 
from acetylene, 406; production from 
formates, 369 

— peroxide bleaching, 38, 19), 523, 525 

— sulphide, presence in coal-gas, 393-396; 

removal from acetylene, 400 ; from coal- 
gas, 395 

Hydrogenated Oil Co., 10 of 
Hydrogenation of fats, 100 a et seq .; amount 
of hydrogen required, iood\ Bedford- 
Erdmann process for, loom ; Calvert’s 
process for, loot ; catalytic poisoning, 
100 c \ conditions of success, too*;; con¬ 
tinuous process for, \ooh ; dry process 
for, 100* et seq. ; effect of impurity on, 
100c ; effect of pressure on, 100b, too* 5 
Ellis processes for, 100/ j Fuch’s process, 
lood, 100#; heat evolved in, 100b, 100c ; 
Kayser process for, 100/, tooj ; Lessing 
process, 100a, 1000; mixing oil and gas, 
100c; Martin process for, tooa, 100 b, 
100 c ; nickel recovery . from, 100 h \ 
Normann processes for, loofetseq. ; pro¬ 
cesses for, too* seq .; reduction of 
nickel oxide, loom, loan ; Shukoff pro¬ 
cess. loon ; temperature of; too*, loof, 
tooh; Testrup’s apparatus, to 0/5 theory 
of, 100 b\ velocity of, toot; wet pro* 
cesses for, 100 i ; Wilbuschewitsche pro¬ 
cess for, loof tooj, look, tool; Wimmer 
Higgin’s process, rooms 
Hydrolysis—see under SapomJkaHon^ Fatfa. 
Fatty adds 


\ 
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Hydrolysis by enzymes, 220, 227 
Hydrometer degrees, 665, 666 
Hydroquinone, 659 

Hydroquinone-eikonogen developers, 659 

Hydrosulphite vat (indigo), 554 

Hydroxyphenylarsonic acid, 614 

Hydroxyphenylethylamine, 612*613 

Hydroxystearic acid, 98, 99 

Hygrine, 603 

Hyphae, 225 

Hyphomycetes, 225 

Hypnal, 380 

Hypnotics, 379', 608-610 

Hypo, $86 

Hypochlorite, 520 

Hypochlorites, 196 

Hypo destroyers, 660 

Hypogaeic acid, 21 

Hypoxanthine, 67 

Hyross-Rak pressure-diffusion process, 147- 
148 


I 

Ice colours, 558 
Ichthalbine, 614 
Ichthoform, 614 

Ichthyol, 614; statistics, 602; albumen, 614; 
sulphonic acid, 614 

llges* combined distillation and rectification 
plant, 307-309; dephlegmators, 303; 
distilling columns, 302, 303, 30$ 
Illuminating gas industry, 389-408 

— oils, 5, 6 , 9 

— power of light sources, 408 
Iminazolylethylamine, 613 
Imitation parchment paper, 202 
Immedial, 546 

— black, 478 

— sky blue, 478 
Imperial schultze, 646 
Impotence, 616 
Impregnating timber, 190* 

Incandescent gas lighting, 389, 407 

— mantles, 207, 215, 407, 408 
Indamines, 474, 480 

Indanthrene, 454; blacks, 556; blues, 454, 
556; brown, 556; claret, 556; colours 
(list of), 556; copper, 556; gold orange, 
456; green, 457, 55^5 grey, 55$; maroon, 
556; orange, $$6 ; reds, 556; sulphonic 
acids, 45$ ; violets, 556 ; yellow, 455,556 
India-rubber, 351-366A; see Rubber 

— waterproofing, 526, 527 
Indian inks, 40$, $06 

lac industry, 348 

— red, 501 

— yellow, 486 
Indican, 458, $54 

Indigo, 458-461, 511; brom-derivatives, 461- 
4% 556; chlor-derivatives, 461-463 j 
copperas vat, 555 ; dyeing processes, 
461,536-537. 554 ' 5 SS J fermentation vat, 
555 i baiogemsed, 461-463; hydro- 
smphite vat, 554; leuco-compound, 461; 


statistics, 460k 461, 483; synthetic, 331, 
332, 439 . 459 - 4 * 0 : vats > 554-555 
Indigo anil, 458 

— blue, 460 5 see Indigo 

— carmine, 461, 491 

— dyeing, 461, 536-537. 554-556 

— red, 461 

— salt, 459 

— solution, 489 

— sulphonic acid, 461, 489 

— white, 554 
Indigofera tinctoria ,, 458 
Indigoid dyet>, 466 
Indigotin, 554 ; see Indigo 
Indirubin, 461, 554 
Indoin blue, 475 

Indol, 138 
Jndophenols, 480 
IndoxyJ, 459 
Indoxylic acid, 460 
Induiine, 383, 475 ; scarlet, 474 
Indulines, 473, 475, 548 
Industrial alcohol, 278-314 ; see also Alcohol\ 
Spirits 

— fibres, 515-519 ; see also Fibres , Textile 

fibres 

Infusion beers, 276 
Ingrain dyes, 545 
Ink-making materials, 490 
Ink plant, 492 

— powders, 493 

— stains, removal of, 370 

Inks, 489-494 ; black aniline, 491; black 
copying, 491 ; black writing, 489-491 ; 
blue, 491 ; blue-black, 490; coloured 
writing, 491 ; copying, 491*492; Diete- 
rich’s school, 491 ; dyes for, 475, 489, 
491 ; essentials of good writing, 491 ; 
fermented iron gall, 489 ; gallic acid, 
489; gallotannic, 489; green, 491 ; 
hectographic, 49**492; literature of, 489; 
logwood, 490-491 ; marking, 492 ; nigro- 
sine, 475; printing, 493 ; provisional 
colouring matter for, 489; Prussian blue, 
491; red, 491; red copying, 491; statistics, 
494; tannin, 490; typewriter, 491; violet, 
491 ; violet copying, 491 ; yellow, 491 
Insect wax, 53, 62, 63 
Institute for Garungsgewebe, 229 
Insulating coverings for copper wire, 216 
Insulating material, 94 
Insulators, electrical, 18, 214, 216, 360 
Intensifiers, photographic, 660-661 
Intensive lighting, 407, 408 
Intracellular enzymes, 226 
Inulase, 220 
Inulin, 169 

Invertase, 143, 221, 227 
Inversion of sugar, 142 
Invert sugar, 168-169,246; see also Glucose 
Inverting enzymes, 221 
Iodine, reaction with cellulose, 187 ; reaction 
with starch, 177; tests with, 203, 206, 
291 

— values, 40, 55, 63; of hardened oils, 10c p 
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Iodoform, 380; preparation, 333, 380, 435; 

statistics, 380, 602 ; substitute for, 614 
lonone, 136, 137 
Ireland, dairy farming In, 71 
Irisamine, 472, 548 
Irish moss gelatine, 214 

— whisky, 295, 296 . 

Iron (see also under Ferrous, Feme), 

corrosion by sulphur dioxide, 194; 
presence in water, 266, 534, 569; re¬ 
moval from water, 266; saddening 
effect in dyeing, 534 

— acetate, 332 

— buff, 559 

— catalytic, lood 

— hydroxide, 395 

— mordants, 549, 551 

— mould, removal of, 370 

— oxalate developer, 657 

— oxides, 501 

— pigments, 500-503 

— plate, cutting by acetylene flame, 403 

— pyrites, 194 

— soaps, 104, 123 

— sponge hydrogen process, ioo* 

— sulphate, as soap precipitant, 123 ; see 

also Copperas , Ferric sulphate , Ferrous 
sulphate 

Jsatis tinctoria, 458 
Isinglass, 245, 595, 596 
Iso soap, 117 
Isoamylamine, 613 
Isoamylchloride, 366*/ 

Isoamyline, 613 
Isobomeol, 340, 341 
Isobutyl alcohol, 251 
Isobutylene glycol, 251 
Isobutyric acid, 383 
Isocholesterol, 52, 53 
Isocrotonic acid, 21 
Isocyanines, 655 
lsodulcite, 485 
Isoeugenol, 137, 138 
Isokol, 656 

Isomaltose, 167, 168, 220 
Isonandra gutta, 364 
Iso-oleic acid, 92, 95 
Isopentane, isoprene from, 366*/ 

Isopral, 608 

Isoprene, 366 et seq .; manufacture of, 366^- 
366/'; polymerisation of, 366a, 366/- 
366V; production from acetone, 366/, 
from acetylene, 366*f, from amyl alcohol, 
366^-3664 from butadiene, 366*4 from 
coal-tar, 366*, from light petroleutn, 
366*4 from paracresol, 306*4 from 
rubber, 358, from starch, 366*4 3664 
from sugar, 366*, from turpentine oils, 
366*/; properties o£ 366 
— rubber, 366a, 36^-366*; constitution, 
366a 

Isopropyl alcohol, 435 
Isopropylethylene dichloride, 3 66d 
Isorosmdnlines, 473 
Isorafrol, 137 


Isovalerate, amyl, 383-385 
Isovaleric acid, 384, 385 
Isoviolanthrenes, 457 
Istle fibre, 517, 519 
Italy, vine cultivation of, 242 
Ivory, artificial, 79, 210, 211 

— black, 505 

— substitutes, 79* 210-211 


Jaborandi, 615 
Jamaica rum factory, 293 

— rum yeast, 230 
Jan Dekker, ioo» 

Janus red, 445 

Japan, 286; alcohol-producing moulds of, 
225 ; camphor monopoly of. 342 ; Soja 
bean industry of, 44 

— earth, 486 

— tallow, 42, 54, 58, 61, 62, 527; see Japan 

wax 

— wax (tallow), 42, 54, 58, 6i, 62; water¬ 

proofing with, 526 
Japanese galls, 490 

— lacquer, 49 

— peppermint oils, 135 

— rice beer, 249 

— sardine oil, 62 
Jasmin oil, 138 
Java cane, 155 

— copal, 348 
Jelly, mineral, 22 
Jersey cow milk, 68 

Jiggers, 536, S 37 , , 

Jobbms evaporator, 124; glycerol distilling 
plant, 124 

Jones & Vaughan fleshing machine, 571 
Juices, beet, 150, 155-159 ; cane, 154, 155, 
156; citric, 374; diffusion, 150; grape, 
168, 229, 242, 243 ; composition of, 243 ; 
lemon, 374 ; lime, 374 
Juniper, 283, 349 
Jurgene, Ose, loop 
Jute, 187, 516 ; statistics, 518, 519 


K 

Kachin, 659 
Kahm yeasts, 230 
Kaiser’s diffusion process, 148 
Kalio-tonal, 130 
Kalsomine, 511 
Kaolin, 200, 504, 561 
Karbonium Fabrik, 405 
Karitd oil, 42 
Kaspine leather, 589 
Katechu, 486 
Katigene, 546 

Kayser hydrogenation process, ioof, taqf 
Kauri gum, 50,346,348, 350 
Keirs, 521-522, 523, 524 
Keith s oil gas system, 399 
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Kellner's electrolytic process, 196 
Kephir grains, 70 
Keratine, 211, 517, 567, 5 68 
Kermes, 552 

Kernels, palm, 30 ; statistics, 22 
Kerosene, 6 ,7, 9 ; cost of, 279 ; heating value 
of, 279 ; specific gravity of, 279 ; use as 
motor fuel, 279 

Ketones, 332; aromatic, 434; essential oil, 
137 ; perfuming, 137 ; separation of, 136 
Kettle soap, 102 
Khaki, mineral, 559 
Kidneys, 606; enzymes in, 220 
Kieselguhr, 221, 629 

— dynamite, 629 
Kiln turners, 621 
Kilned malt, 286 

Kilns, charcoal, 165 ; Grondal’s tunnel, 326- 
327 ; malt, 256, 260, 263 
King's yellow, 508 
Kips, 569 

KjeldahPs method for nitrogen, 572 
Klauder-Weldon Dyeing Machine Ca, 538, 
539 

Kneading machines, 180, 631 
Knoppem, 574 

Kohler’s hot diffusion process, 148 
Koettstorfer value, 75 
Kokowai, 502 

Koppeshaar’s method of phenol estimation, 
121 

Kowrie gum, 346, 348, 350; see Kauri gum 

Kraft papers, 195 

Krajewski crusher, 153 

Krapp, 489 

Krebitz’s process, 109 

Kreosol, 328, 329 

Kreuzbeeren, 485 

Kryogene, 546 

— black, 556 
Kynite, 645 

Kynoch’s smokeless powders, 646 


L 

La Brea, pitch lake, 18 
Lab, 221 

Lac, 348-349 J constants, 350 
— dye, 346, 348,485. S52 
Laccase, 221 
Lachmus, 484 

Lacquers, 48-49; artificial, 211; Chinese, 49; 

gold, 348; Japanese, 49 
Lactase, 221, 226, 227, 240 
Lactic acid, 225, 228, 241, 293, 317-320,550, 
555, 58i, 606; bacteria, 70, 73, 76, 77, 
224, 225, 318, 319; bating with, 581; 
literature of, 317 ; manufacture of, 318- 
3x9; properties of, 319 j purification of, 
319; salts of, 319, 320 ; statistics of, 318, 
320; uses of, 235, 291, 320 
—* fermentation of milk, 70; of sugar, 143 
Lactochromes, 85 


SUBJECTS 

Lactones, perfuming, 138 
Lactolin, 319 

Lactose, 141, 169 ; see Milk sugar 

— rate of fermentation of, 240 
Laevulinic acid, 358, 366* 

— aldehyde, 358 
Laevulose, 230, 242, 243 ; rate of fermenta¬ 
tion of, 240 

Lager beer, 228, 276-277 

— yeast, 229 

Lakes, 510-5x1, 548 ; alizarin, 552 , coal-tar 
colours, 443, 510 ; natural dye, 510 
Lamp filaments, 189 

— oils, 5, 9 
Lampblack, 506 
Lanachite, 500 
Lanacyl blue, 442 
Landolphia, 353 

Lane’s hydrogen plant, \ooe 
Lanolin, 53-54, 60, 517 ; waterproofing with, 
526 

— alcohol, 52 
Lanthanium salts, 406 
Lanuginic acid, 532, 547 
Lapis lazuli, 504 
Larch, 574 

Lard, 22, 24, 25, 40, 54, 57 , 6i ? 62, 87 ; detec¬ 
tion of cocoa-nut oil m, 63; iodine 
value of, 36 ; neutral, 85 ; refining, 38 ; 
statistics, 22, 23, 24 

— oil, 26, 40, 54, 57 ; statistics, 24 

— oil soap, 115 

— stearine, 26, 87 

— substitutes, 39, 87 ; statistics, 88 
Larix europa, 574 

Latex, rubber, 353*355 
Laundry soap, no 

— starch, 178 
Laurent degrees, 170 
Laurie acid, 20, 42, 74 
Laurin, 20 
Lautermaische, 276 
Laval separators, 235 
Lead acetate^ 331-332, 526 

— acetate driers, 47 

— azide, 638 

— carbonate, 370 

— chromate, 500 

— driers, 46, 47, 48 

— linoleat driers, 47 

— oleate driers, 47 

— oxide, 194 

— oxychloride, 500 

— pigments, 497*500 

— rosinate driers, 47 

— soaps, 46, 47, 48* 10 1 
Lead, sugar of, 331-33 2 

— sulphate, 500 

Leather, 565-589; alum tannage, 588; analysis 
of, 583-584, 587 J belting, 578 ; box-calf, 
587 ; buff, 589; calf kid, 588 ; chamois 
589; chrome, 584*587, crown, 589; 
Dongola, 588 ; dressing, 577*580; dyes 
for, 479 ; dyeing processes, 3x9,582-583, 
586; glacd kid, 587; glove kid, 589; 
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grain of, 567 ; green, 589; harness, 578; 
Helvetia, 589; light, 580-583; literature, 
565; riems, 589; Russian, 329; sole, 
575-578; statistics, 565-566; strap, 578; 
stuffing process, 579; untanning, 594; 
wash, 589; willow-calf, 587 
Leather polish, 19, 53 
Lecanora, 484 
Lecithin, 67, 597 
Lees, wine, 371; see Wine lees 
Lehner’s artificial silk, 212, 213, 215; tests 
far, 216 

Leidgen machine, 571 
Lemon, 373 

— chrome, 507 

— grass oil, 135, 137 

— juice, composition of, 374 

— lac, 348 

— oil, 132, 135 
Lemonades, 250 
Lentisc tree, 349 
Leonhardi’s test for sizing, 203 
Lepidinquinolinethylcyan inbromide, 655 
Leptotricheae, 223 

Leucm, 77, 221, 259 

Leuco base of malachite green, 467 

— compounds, 461, 553, 554; indigo, 

461 

Leucole colours, 556 
Levant galls, 490 
Level dyeing, 544 
Levelling agents, 547, 549 
Lever Bros., 100/ 

Levulan, 143 
Levulose, 141, 168-169 
Licella, 197 

Lichtenhainer beer, 229 
Light beer, 277 

— leather, 580, 582 

— oil, 417 

— petroleum, 7-8; butadiene from, 366c ; 

isoprene from, 366^ 

— standards, 409 

— tar oils, 329 
Lighting, intensive, 407, 408 
Lignin, 192, 194, 195 
Ligninsulphonic acid, 194, 195 
Ligroin, 8 

Lime, 373 . 395 .. 5 I 2 , 544 , 555 ; burning in 
sugar factories, 153; depilation by, 570- 
571; effect in dyeing, 534; saponification 
by, 89,90; sugar recovery from molasses 
by, 164 ; sugar syrup defecation by, 150, 
151, 155; sulphided, 395 

— acetate, 328; see Calcium acetate 

— blue ? 503 

— casemate (see Casein Calcium caseinate ), 

glueing with, 596; waterproofing with, 
527 

— preen, 505 

— juice, 374 . v 

— liquors (tanning), 571-573 

— purifiers, 395 

— sucrate, 142,143; see Calcium sucrate 
—• yard, chemical control of, 571 


Limes, essential oils, 132 
Liming skins, 570-571 

— sugar syrups, 150-151, 155, 164 
Limonene, 342 

Linalol, 136 

— oil, 136 

Linalyl acetate, 135, 138 
Linde’s process of acetic acid manufacture, 
33 1 

Linde-Caro hydrogen process, 100? 

Lindner’s yeast culture apparatus, 232-233 
Linen, 516 ; bleaching of, 520 ; estimation in 
waterproof cloth fibres, test for, 203; 
rags, 198, 202, 204; statistics, 518-519; 
waterproofing^ 526 
Linolein, 21 
Linolenic acid, 21 
Linoleum, 49-52 

— cement, 50 

Linolic acid, 21 ; iodine value of, 63; fatty 
acids of, 21 
Linoxyn, 49-50 
Linseed cake, 22, 23, 24 

— oil, 45-46, 54, 56, 61, 62, 63, 64, 65; 

adulteration of, 63, 64, 65; bleaching, 
38 ; extraction, 27; flashpoint of, 9; 
oxidised, 49-50 ; polymerised, 50; refin¬ 
ing, 36, 37i 38; solidified, 49-50; solvent 
for resins, 349; statistics of, 22, 23, 24; 
testing, 46 

— oil soap, X09-IXO, 115, 117 
Linum usitatissimum, 45 

Lipase, 221 ; in castor seed, 93; synthesis 
by, 220 

Liquid glue, 596 

Liquors, sugar, analysis of, 142 

Litharge, 498 

— driers, 47 
Lithol red, 443 
Lithopone, 497, 508 
Litmum, 485 
Litmus, 484 
Llama hair, 517 

Loading agents, for paper, 200; for soap, 

117 

Loaf sugar, 166 
Local anaesthetics, 603-606 
Logwood, 483-484,548, 551-552; dyeing pro¬ 
cesses, 551-552 ; dyeing purple on cotton, 
551; dyeinp silk, 550; extraction of, 
484; statistics, 483; testing, 484 

— blues, 551, 552 

— inks, 490-491 

— liauors, 551 
London, gas lighting, 389 
Long malt, 256,285-286 

Loose fibre, dyeing, 538-541; drying, 543 
Lovibond tintometer, 2639 
Loxofteryngium Lorenzii^ 574 
Lubricants, literature of, 4 
Lubricating grease, n, 60, 94 

— oils, 5» 7, to-n, S3; demaigination of, 

38; tests, 12 
Lubrication, ir 
Lumi&rc’s autochrome, 654 
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Luminescence, 407 

Luminosity of coal gas, 595 

Lummer-Brodhun photometer, 409 

Lupulin, 254, 259 

Lustra cellulose, 1S9 

Luta burners, 403 

Luteola, 486 

Luteolin, 486 

Lyddite, 632 

Lye, 102,103; starch, 178; sulphite, 195 


M 

M 4 Robert’s mixing machine, 631 
Maceration of cane, 154 
Machines, paper, 201 
Madder, 484, 493 
Madeira wine, 246, 248 
Magdala red, 548 
Magdeburg, 171 
Magenta, 469, 531 

— powder, 491 

— safranme, 548 

Magnesia, 544; in grape juice, 243 ; in lime, 
57 i 

— alba, 629 
Magnesite, 507 
Magnesium, acetate, 216 

— amalgam, 366 f 

— carbonate, 266 

— chloride, 183, 196, 203, 561 

— hypochlorite, 196 

— oleate, 8 

— phosphate, 227 

— picrate, 656 

— pigments, 507 

— powder explosives, 636 

— powder flashlights, 657 

— soap, 8, 101 

— sulphate, 524, 527, 561 
Mahwa butter, 42, 54, 57 
Maisch kessel, 276 

Maize, 178, 182, 366^; composition of, 178, 
284; equivalency of flaked to barley, 
27^; mashes of, 235, 289 

— distilleries, 282 

— germ, 18? 

— malt, 285, 286 

— mash, 235, 287-289 

— oil, 44, 54, 56, 61, 87, 182 ; detection in 

lara, 63 • 

— starch, 176,178, 182 
Maizena, 182a 
Malachite, $03 

— green, 468, 548 

— «yw. 467,468.469 
Malaga wine, 248 
Malaxeurs, 151 
Malaya rubber, 365 
Malic acid, 246 

Malicbar-Cerny hot diffusion system, 148 
Malt, 2t20, 253-284 267; acidity, of, 263#; 
analysis pf, 263* et seg. ; barley, 286; 
black, 265 ; brewers, 256, 285-286; 


browned, 265 ; cold water extract, 263*; 
composition of, 263, 2632; conveying, 
261,263; diastase in, 226,264 ; diastatic 
strengths, 263^, 285, 286; distillers, 256, 
285-286; drying processes, 260; extract¬ 
ive substances in, 263, 264, 263 ; green, 
259, 260,286,292; grinding, 208 ; grind¬ 
ing mills for, 264, 268; ground, 276; 
growing floors, 259; growth of, 256; 
invertase in, 221; kilned, 286 ; kilning 
process, 260; kinds of, 286 ; long, 256, 
285-286 ; maize, 286; manufacture, 253- 
264; moisture absorption by, 263, 263^; 
oat, 286; nitrogen estimation, 263 ^; 
pneumatic transport of, 267; rye, 286; 
saccharification test, 263# ; short, 256, 
285-286; sinker test, 263^ ; statistics of, 
252-253; storing, 261, 263 ; sugar in, 
263; turning, 259, 261 ; wheaten, 286; 
withering process, 260; wort derivable 
from, 273 } yield of, from barley, 263, 
263a 

Malt house, 259 

— kilns, 256, 260 

— mills, 264, 268-269 

— screens, 257, 267 

— sugar, 141 

— vinegar, 315 -317 

— wort, rate of fermentation of, 240 
Maltase, 227, 253 

Malting, brewery, 256; distillery, 256, 285- 
286 j floor system of, 256; Plischke 
system, 263 ; pneumatic, 262; seasons 
for, 256 ; starch loss during, 260; sugar 
loss during, 260 ; theory of, 255-256,259 
Malto-dextrines, 264, 265 
Maltose, 141, 167, 168, 221, 230, 253, 265, 
292 ; glucose from, 221; iso-, 167 ; osa- 
zone of, 265 ; presence in wort, 273,275 ; 
production from starch, 177, 220, 264- 
265; properties of, 265; rate of fermenta¬ 
tion of, 240 
Malzbiere, 229 
Manchester brown, 447 
Manchuria, Soja bean industry, 44 
Mandelic acid, 607 
Manganese black, 508 

— borate, 47 

— brown, 559 

— carbonate, 47 

— dioxide, 35, 46, 47, 5°8 

— driers, 46, 47 

— hydroxides, 47 

— linoleate, 47 

— oleate, 47 

— oxalate, 47 

— pigments, 508 

— rosinate, 47 

— soaps, 46, 47, 101 

— sulphate, 47 
Mango tree, 486 

Manifold copying apparatus, 492 
Manikoi utilissima % Pohl, 175 
Manilla copal, 348 

— elemi, 348 
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Manilla hemp, 203, 517* 519 
Mannite, 245 
Mannitic bacteria, 291 
Mannose, rate of fermentation of, 240 
Mantles, incandescent, 406-407 
Manure, sludge cake, 151, 152; starch 
waters, 178 
Maori, 502 

Maple sugar, 141, 169 
Maranta arundinacea, 175 

— indica, 175 

Maranta starch, 178 ; see Arronroot starch 
Marc, 243 
Mare milk, 67 
Margaric acid, 20 

Margarine, 20, 39, 85-88; cocoa-nut fat in, 
87; colouring of, 87; detection in butter, 
75, 87 ; deodorised oils for, 35 ; distinc¬ 
tion from butter, 62, 87 ; raw materials 
for, 85 ; refractive index of, 62, 74, 87 ; 
statistics, 88 ; stearic acid in, 87 

— cheese, 39, 78, 87 
Margosa oil, 41 
Marking inks, 492, 493 

— nut, 492 
Marine glue, 596 

— soaps, 107, no, 116 
Martin Dennis Chrome Co,, 581 
Martius yellow, 479 
Mascoline, 574 

Mash tuns, 269, 270 

Mashes, acidity of, 291 ; alcoholic strength 
of, 295 ; distillery, 287-289, 291 ; formic 
acid in, 371 ; maize, 287-289, 235; 
potato, 287-289, 292; tests, 290; thick, 
292 ; whisky, 287 

Mashing, apparatus for, 234, 268-272, 290 ; 
English process, 268 ; German process, 
276 ; malt, 268; theory of, 253, 264, 
286-287 

Massachusetts official ink, 489 
Massecuite, 160, 161 

— receivers, 159 
Mastic, 349, 350 
Masut, 11 

Mather & Platt’s mercerising range, 205, 206 
Maumen6 test, 65 
Mauve, 439, 548 
Mauveine, 475 

Meal, extracted, 33 ; ipolassine, 163 
Meat, putrid, 613; smoking process for, 331 
Mechanical stokers, 391 

— wood pulp, 192, 202, 203, 204 
Mercuric chloride, 228 
Medicated soap, 117 
Medicine— see Synthetic drugs 
Medullic acid, 20 

Medullin, 20 
Megass, 159 
Metiers, 323 
Meisenburg, 36 6/ 

Meissl value, 55,64 
Mekong yellow, 449 
Melanorrhea, 49 
Melanthrene, 556 


Melassigenic power, 142, 143, 161, 163 

Meldola’s blue, 476, 548 

Melibiase, 221, 227 

Melibiose, 221 

Melinite, 632 

Mellissic acid, 20 

Melting points of oils, 56, 57, 58, 59, 62 

Mendip hills, 502 

Menhaden oil, 26, 54, 58, 63, 6$ 

Menthol, 13$, 137 
Mercaptan dyes, 458 
Mercaptans, 195, 245 
Mercerisation, 205, 206 
Merck’s Annual Reports, 601 

— Index, 601 

Mercuric chloride impregnation, 190 
Mercury fulminate, 637-638; substitutes, 
638; testing, 643 

— intensifier, 660, 661 

— lamp, 366*, 366^ 

— pigments, 508 
Merino wool, 517 
Mesitylene, nitro derivatives, 634 
Mesophenylxanthene, 471 
Mesotan, 384 

Metachloral, 379 
Metadinitrobenzene, 423 
Metadiphenylenediamine, 426 
Metallisation of timber, 190 
Metals, catalytic, 93, lood ; colloidal, saponi¬ 
fication by, 93 
Metanil yellow, 442 
Metanitrotoluene, 423 
Metaxylene, 421 
Meteor silk, 213 

— yarn, 215 

Methane, 4, 392; estimation of, 408; 

formaldehyde from, 375 
Methionic acid, 381 
Methoxymethylsalicylate, 384 
Methven gas lamp, 410 
Methyl alcohol, 294, 332-333, 425; electro¬ 
lysis of, 435; formaldehyde from, 375,435 

— anthranilate, 138 

— benzoate, 384 

— bromide, 332 

— butadiene, 366 ; see Isoprene 

— butadiene rubber, 3662; see Isoprene 

rubber 

— chloride, 322, 366^, 376-377, 460 
—- divinyl, 366, 366^ 

— ether, 382 

— formate, 375 

— green, 469* 548 

— naphthylene, 418 

— saccharine, 171 

— salicylate, 384 

— sulphate, 376 

— urea, 616 

— violet, 491, 492 , 469, 548 
Methylamine, 460 
Methyl anthracene, 419 

— anthranilic acid, 460 

— ethyl ketone, 332 

— naphthyl ketone, 209 
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Methyl ortho-amidophenol, 658 

— phenylbutadiene, 366 d 

— fcropylcarbinolurethane, 609 

— tetramethylene dichloride, 366^ 
Methylated spirit, 281, 294, 333; see 

Denatured alcohol 

Methylene blue, 216,477, 548, 656, 657 ; test 
for bacteria, 72 

— violet, 474 
Metol, 658, 659 
Metolhydroquinone, 658 
Metric weights and measures, 663 
Meyer’s charcoal kilns, 323, 324 
Middle juice, 160 

— oils, 417 
Middlings, 179 
Midfeather, 198 
Migraneine, 607 
Mikado orange, 450-451 

Milk, 66-73 ; alteration of, 71 ; albumin in, 
68,69,72,80; analysis of, 70; ash of, 70, 
71 ; bacteria in, 72; butter, 73 ; Channel 
Islands cattle, 68; composition of, 67,83; 
condensed, 81, 82, 84 ; deterioration of, 
71 ; dirt in, 70; fat of, 71 ; fat separa¬ 
tion from, 81; fining, 245 ; homogenisa¬ 
tion of, 82 ; lactic acid fermentation of, 
70; mineral matter in, 70; protein of, 68, 
69, 71 ; ripening of, 76, 86 ; salts of, 70 ; 
skim, 83 ; size of globules of, 68 ; solids 
in, 71 ; souring of, 70, 75> 76, 225; 
specific gravity of, 70; spray evaporator^, 
83 ; various kinds of, 67 ; whole, 83 

— curd, 69 ; horn-like substances from, 210 

— powders, 81-84; analysis of, 84; composi¬ 

tion of, 83 

— serum, 86 

— stout, 73 

— sugar, 67, 68, 70, 71, 72, 73. 78<*. 81, 83, 

86, 141, 169 (see also Lactose ); enzyme 
hydrolysis of, 221 ; fermentation of, 226 ; 
manufacture of, 780; uses of, 78 a ; yeasts, 
221 

Milking, precautions, 72 
Mildew, 190, 191 

Milled soap, 106, 111-112; base for, 103 
Milling cloth, 562 

— yellow, 443 

Mines, 628; safety explosives for, 634-636; 
testing gases of, 636 

Mineral colours, 497, 512; see Pigments 

— dyes, 559 

— green, 503 

— jelly, 13,22 ; see Vaseline 

— khaki, 559 

— oils, detection of, in fattv oils, 65 ; manu¬ 

facture of, 4»io; tests for, 63 

— pitch, 18 

— salts, effect on crystallisation of sugar, 

142,143, 161, 163 

— seal oil, 398 

— tannages, 584 

— waters, 249-250 

— waxes, 15 

— white, 507 


Mineral yellow, 500 
Mixed coal gas, 396 

— glycerides in butter, 74 

— oils, n 
Mixers, rubber, 361 

Mixing machines, 180, 199, 631 
Modern violet, 476 
Moellon, 589 
Mohair wool, 517 
Mohrah-seed oil, 42, 54, 57 
Mohwrah butter, 42, 54, 57 
Moist chambers, Bottcher, 230, 231 
Molascuit, 163 

Molasses, 142, x6x, 163 ; alcohol from, 280 
293 ; fermentation of, 292-293; methyl 
chloride from, 376 ; sugar recovery from 
161, 163-164; distilleries, 282 
Molassine meal, 163 
Monazite sand, 406 
Mondamin, 182a: 

Monghyr, 486 
Monoacetin, 624 
Monoazo dyes, 442-443 
Monobromfluorescein, 655 
Monobromhydroquinone, 659 
Monochloracetic acid, 332, 460 
Monochlorhydrines, 366*/ 
Monochlorhydrocarbons, 366/, 366^, 366 k 
Monochlorhydroquinone, 659 
Monochlormethyl ether, 389 
Monoformin, 624 
Monogenetic dyes, 531, 548 
Monoglycerides, 21 

Monohydric phenolic developers, 658-659 

Monomethylparaamidophenol, 658 

Mononitronaphthalene, 632 

Mononitrotoluenes, 423, 634 

Monoparaphenetolcarbamide, 171 

Monoses, 141 

Monostearin, 102 

Montan wax, 18 

Montanic acid, 18 

Montpelier yellow, 500 

Moon knife, 572, 588 

Mordants, 370, 548-55:1 ; acid, 548 - 549 ; 

basic, 550-553 ; dyes used as, 549 
Mordant dyes, 531, 548-553 \ 551-553 ; lakes 
of, 511 

Morocco leather, 582 
Morphia, statistics of, 602 
Morphine, 615 ; substitutes, 610 
Moms tinctoria, 485 
Moselles, 247 

Mother-of-vinegar, 224, 316, 317 
Motor fuels, 5,6, 8, 279 

— petrol, 5, 6 , 8 , 279 
Mots, 249 
Mottled soap, 116 

Moulds, 219, 223, 225-226; diastase-secret¬ 
ing, 225, 249, 286; disease, 230; sac¬ 
charifying, 225, 249, 286 
Mountain blue, 504 

— green, 503 

Mowrah-seed oil, 42, 54, 57 
Mucic bacteria, 291 
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Mucilage, 245 | 

Mucor raceniosus , 226, 230 
— piriformis, 374 

— Rouxii , 225 
Mulberry silk worm, 517 
Multarotation of glucose, 166 
Multiple candle-moulding machines, 97 
Multiple-effect evaporation, 155-159 
Munich beer, 277 

Murex brandaris, 463 
Muscarine, 476 
Musks, artificial, 138 

Must, 229, 243; composition of, 243, 246; 

improvement of, 168 ; sugar in, 246 
Mustard oil, 54, 56, 138 

— seed, 29, 221 
Mycelia, 225 

My coderma cerevisice , 230 

— vini, 230, 245 
Mycodermati aceti , 245 
Myricin, 52 
Myncyl alcohol, 52 

— cerotate, 60 
Myristic acid, 20, 74 
Myristica officinalis , 42 
Myristin, 20 

Myrobalans, 490, 574, 575 
Myrosmase, 221 
Myrtle wax, 42, 54, 58 


N 

Naphtha, 5, 7,8 ; American, 8 ; coal-tar (see 
Benzol)', green,8; mineral,281; solvent, 
417,418,419 

Naphthalene, 209, 418, 421, 460 ; absorption 
of by coal-tar oils, 394; dinitro-, 424,634; 
extraction from gas, 394; manufacture 
of, 418; mononitro-,632; nitro-derivatives 
of, 209, 424? 632,634,636 ; properties of, 
421; source of indigo, 460; subliming 
plant for, 418; uses, 421 j valuation of, 
421 

— acetate, 209 

— green, 656 

— sulphonic acids, 432 5 bating with, 581 

Naphtharine, 480 

Naphthene series, 4 

Naphthol, 418, 433, 559; in transparent 
candles, 98 

— black, 547 

— blue-black, 444 

— esters, 209 

— green, 547, 656 

— yellow, 479, 547 

Naphthylamme, 427 

— black. 445. 547 

— sulphonic acids, 432,433 

Naphthylene diamines, dyes front, 447 

— red. 447 

Narceine, 615 

Narcotic action, 6ro 


SUBJECTS 

Narcotil, 603 
Narcotine, 615 

Nathan’s quick beer process, 277 
Natural colour lakes, 510 

— direct dyes for cotton, 546 

— dye stuffs, 483-486 

— essential oils, 136 

— gas, 400 
Nauclea gambir, 573 

Naudet hot diffusion process, 148 
Neat soap, 104 

Neat’s foot oil, 41, 54, 57, 62; viscosity 
of, 10 

Negro-heads (rubber), 356 
Negro millet beer, 230 
Neptune green, 491 
Neraltein, 606 

Nernsfs distribution law, 533 
Nerolin, 138 
Nestle’s milk food, 84 
Neu Babelsberg, 622 
Neutral red, 473 

— violet, 474 
New blue, 476 

— Brunswick greens, 502 

— fuchsine, 469 

— fuchsine process, 467, 469 

— methylene blue, 477 

— washer scrubber, 394 

— Zealand flax, 519 

— Zealand hemp, 516 
Newspaper inks, 493 

Nickel, catalytic, 100 a, 100b, loor, lood, looe , 
100^, 100 m, 100 n 
—■ carriers for catalytic, xood 

— detection in oils, ioq^ 

— in hardened fats, 100 a, loop, ioc^; 

recovery from fats, look ; testing for in 
fats, ioq^ 

— carbonate, reduction of, loom , 10 on 

— carbonyl, 10 od, 100 n 

— organic salts, reduction of, icod, 100 m 

— oxide, 509 

— oxide, reduction of, lood\ xooe, loom, 

loon 

Niger-seed oil, 45, 54, 56 
Night blue, 468, 470 

— blue base, 533 
Nigraniline, 480 
Nigre, 104, 106 
Nigrosines, 475, 548, 655 
Nile blue, 476 

Nineteen hundred blue, 476 
Niobe oil, 384 
Nttranilme, 427, 435 

Nitrate, sodium, 620; see Sodium nitrate 
Nitrated oils, 43 

Nitrates,' bacterial production of, 225 
Nitrating acid, 207, 422, 423, 6ao, 621 , 634 
(see Nitric acid ); regeneration of, 423* 

— apparatus, 625 

— cotton, 625-627 
Nitrator separator, 620,622 
Nitrazol, 558 
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Nitric acid, 207,422,423? 620,624,625,634; 
action on cellulose, 187; action on starch, 
183, 184,629; regeneration of, 423-424 

— bacteria, 225 
Nitrides, 459 

Nitrite, amyl, 384 ; ethyl, 384-385 
Nitrites, bacterial production of, 225 
Nitro-benzaldehyae, 459 
Nitro-benzene, 138, 422-423, 623; reduction 
of, 424, 435 > 436 
Nitro-benzoic acid, 435 
Nitro-cellulose, 187, 628-629, 638, 639 (see 
also Collodion Gun-cotton , Artificial 
silk); casein mixtures of, 211 ; composi¬ 
tion of, 628, 620; deterioration of, 641, 
642 ; gelatinised, 638-639 ; properties of, 
629; varnishes of, 49 
Nitro-cinnamic acid, indigo from, 459 
Nitro-compounds, 422-424, 435, 632-634 
Nitro-cresol, 632, 633 
Nitro-dimethylaniline, 435 
Nitro dyes, 479 

Nitrogen, bacteria, 225 ; from potatoes, 182 ; 
presence in coal, 393 

— compounds from molasses residues, 294 

— peroxide, bleaching starch with, 183 
NitrO'glycerin, 129,620-623; after-separation 

of, 621-622 ; depression of freezing point 
of, 383, 623; destruction of, 621 ; freez¬ 
ing point of, 623; properties of, 623 ; 
thawing of, 623 ; unfreezable, 623-624 ; 
washing, 622 

Nitro-hydrocellulose, viscosity of, 624 
Nitro-naphthalenes, 209, 424, 632, 634, 636 
Nitro-phenols, 423, 632-634 
Nitro-phenyllactomethylketone, 459 
Nitrosami^e, 442 

— red, 558 

Nitroso compounds, 385 
Nitrosococcus, 225 
Nitrosomonas, 225 
Nitrosophenol dyes, 479 
Nitro-starch, 629 
Nitto-toluene suiphonic add, 432 
Nitro-toluenes, 423, 435 » 436, 632-634 
Nitro-xylenes, 634 
Non-drying oils, 40, 54, 57, 65 
Non-Explosive Gas Go., 405 
Non-inflammable fabrics, 526, 527 

— wood, 191 

Non-poisonous white lead, 500 
Non-decylic add, 20 
Non-decyjin, 20 
Noils, 517 

Nordhausen sulphuric acid, 625 
> Norsk Hyderings Co., loom 
Novocaine, 604 
Nudein, 67 
Niirmberger beer, 277 

Nut oil, 22, 33, 24, 43, 61, 6a, 63, 65; see 
Arachis ait 
Nutmeg butter, 42 
Nutro$e,8a 

Nut^rape, 179; ground, 30 ; marking, 492; 


Oak apple galls, 490 

— baric, 490, 574, 577 

— wood, distillation of, 325 
Oat malt, 286 

— starch, 178 
Ochre, 501 

Octodecyl alcohol, 52 
Octonitro-cellulose, 628 
Offal, 179, 575 
Oidium vim\ 245 
Oil (see also Oils): — 

Almond, 43, 54, 57, 61, 62 
Aniseseed, 138 
Anthracene, 417, 418, 419 
Apple, 384 

Arachis, 43,54,57,61,62, 63,65,85,109-110 
Ben, 54, 57 
Bergamot, 135 
Birch tar, 329 
Bitter almond, 137,429 
Black mustard, 44 
Blown, 43 
Bone, 420, 428 
Bottlenose, 53, 54, 59 
Brazil nut, 65 
Camphor, 135 
Candle-nut, 45, 56 
Caraway, 137 
Carbolic, 417, 418 
Carburetting, 9 
Cassia, 137 

Castor, 43, 54, 57, 61, 62, 63, 65, 107, 109. 

no, 210, 549, 636 ; soluble, 43 
Chinese wood, 45 ; see Tung oil 
Cinnamon, 133 
Citronella, 135 
Citrus, 132 
Clove, 135 

Cocoanut, 22, 23, 24, 35, 42, 54, 58, 6t, 62, 
63, 64, 65, 85, 86, 87, 107 
Cod-liver, 19, 26, 41, 54, 58, 61, 62, 63, 65 
Cognac, 226, 251 
Colza, 44, 61, 410 

Com (see Maise\ 44, 54, 56, 61, 63, 87, 
109-110, 178 

Cotton-seed, 22, 23, 24, 34, 44, 54, 56, 61, 
62, 63,65, 85, 109-110, 549 
Creosote, 417, 418 
Croton, 43, 54, 57 , 61, 63, 64 - 

Dili, 137 
Doegling, 53 
Dolphin, 54, 59 > 65 
—- jaw, 64,65 

Earth-nut (arachis), 43, 54, 57, 61, 6z, 63, 
65, 85, 109-no 
Eucalyptus, 135 

Fish, 23, 23, 24, 26, 36, 40, 41, 54, 55, 64, 

65,1000, loop 

Fustl, 300, 301, 307, 308, 313, 314, 366 b, 
366<r, 366^ 

Grape seed, 43, 54, 57 , 242, 251 
— hardened, 100a et seq .; see also 
Hardened fats 
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Oils —continued 
Hempseed, 45, 54, 56, 62, 63, 65 
Hop, 254, 265 
Horse-foot, 41 
Illuminating, 5, 6, 9 
Jasmin, 138 
Karite, 42 
Lard, 26, 40, 54, 57 
Lemon-grass, 135, 137 
Linalol/136 

Linseed, 22, 23, 24, 36, 37, 38, 43, 49 50 , 
54, 56, 61, 62, 63, 64, 65, 109, no, 349 
Maize (corn), 44, 54, 56, 61, 63, 87, 109, 
110, 178 
Margosa, 41 

Menhaden, 26, 54, 58, 63, 65 
Mineral—see Mineral oils 

— seal, 398 

Mohrah-seed, 43, 54, 57 
Mowrah-seed, 42, 54, 57 
Mustard, 54, 56, 138 
Neat’s foot, 41, 54, 57, 62, 65 
Niger-seed, 45, 54, 56 
Niobe, 384 
Oil gas, 398 

Oleo, 22, 23, 24, 25, 40, 85, 86 
Oleo-margarine—see Oleo 
Olive, 22, 23, 42, 54 - 57 , 61, 62, 64, 65, 109- 
110 

— kernel, 43, 54, 57 

Palm, 22, 23, 42, 54 , 57 ,61, 62,63, 64, 109- 
no 

Palm-kernel, 42, 54, 58, 63, 64, 109-no 
Palm-nut, 42, 62 
Palmrosa citron, 136 

Pea-nut, 43, 54, 57, 61, 62, 63, 65, 85, 109, 
110 

Peach-kernel, 43 
Pear, 383 

Peppermint, 135, 137 
Plum-kernel, 43 

Poppy-seed, 45, 54, 56,62, 63, 64,65 

Porpoise, 54, 59 . 63. 64, 65 

Pumpkin-seed, 44, 54 , 56 

Rape, 22, 23,44, 54, 56, 62,63, 64,65, 100J 

Red, 94, 103, 109-110, 114, 115 

Resin, 339 

Rose, 135 ; artificial, 136 

Rosin, 339 

Russian solar, 398 

Sandalwood, 137 

Sardine, 54, 58, 62, 63, 65 

Sassafras, 135, 138 

Scotch shale, 398 

Seal, a6, 54, 59, 63, 65 

Sesamd, 44, 54, 56, 61, 64, 65, 85 

Shark-liver, 63, 65 

Sheep’s foot, 41 

Sod, 41, 589 

Soja bean, 44 

Soluble, 549 

Spearmint, 13& 

Sperm, 52-53, 54 , 59 ,63 ,63,65 
Spirit, 60 

Sunflower seed, 44, 54,63, 109-110 


Oils —continued 
Sulphated, 549 
Sweet, 44 

Tallow, 40, 54, 58, 65 

Tung, 45, 49, 50, 61, 62, 63, 65 

Turkey-red, 545, 549 

Turpentine, 22, 135, 337, 359, JAd 

Walnut, 45, 54, 56, 63, 65 

Whale, 26, 54, 59, 61,62, 63, 65, \oob, 100* 

White mustard, 44 

Wood, 45, 49, 50, 61, 62, 63, 65 ; see Tune; 
oil 

Oil cake, 22, 23, 24, 30, 33, 182; see Press 
cake 

— cloth, 49-52 

— dag, 12 

— extraction, 26, 30, 33 

Oil filters, 33-34 

— fuel, 11 

— gas, 398-400; isoprene from, 366^ 

— mills, 28 

— rubber, 364 

-- seed cake, 22, 23, 24, 30, 33 

— stone, 614 

— tannage, 589 

Oiled fabrics, 527; see also Oil cloth. 
Linoleum 

Oils, American, 10 ; animal, 19 et seq., 22, 23, 
24 etseq., 33-39,40-41,54-59; anthracene, 
417, 418-419 ; acetyl values of, 55 ; acid 
values of, 54,62 ; ash of, 12; auto-ignition 
of, 8 ; bleaching, 33-39; blown, 43 ; Cali¬ 
fornian, 9 ; calorific power, 10; carbolic, 
417-418; carburetting, 9; cold solvent 
extraction of, 31 ; creosote, 417,418 ; de¬ 
colonisation of, 38 ; demargination of, 
38 ; dementholised, 135 ; differentiation 
between animal and vegetable, 66 ; dry¬ 
ing, 54, 5&, 63, 65; edible, 35, 38; 
essential, 3, 132-135 ; artificial, 135, 136- 
138 ; evaporation test, 12 ; extraction, by 
pressure, 26, by solvents, 30-32 ; fatty, 
3, 20, 61-66 (see Animal oils , Vegetable 
oils. Fatty oils); fatty acids of, 55-59; 
filtering, 34, 39 ; fish, a6, 36, 40, 41, 54» 
58, 63, 64, 65 j fusel, 226, 293, 298, 300, 
314 ; Galician, 13 ; green, 60; gumming 
tendency of, 12; hardening of, 1000,100 b; 
heavy tar, 329, 417, 418 ; Hehner values 
for, 54,64; hydrogenation of, 1000,100 b; 
hydrolysis of, 23 (see Saponification, 
Soaps) ; illuminating, 5,6,9; iodine values 
of, 55,63; light petroleum, 7,8; light tar, 

329.417 j lubricating, 5,7, 10,11,12,35,38, 
53; melting points of, 56-59,62; middletar, 

417.418 ; mineral, 3, 4-12, 63,65 ; mixed, * 
11 ; moisture*removal from, 35 ; nature 
of, 3 ; nitrated, 43; non-drying, 40,42-43, 
j>4i 57,63,65; Pennsylvanian, 10; refin¬ 
ing of, 33-39, 85; refractive indices of, 
56-59, 62; Reichert-Meissl values, 55, 
64 ; resin, 202; Russian, 9,10; saponi¬ 
fication values, 54,62 ; semi-drying, 43- 
44, 54, 56,63.65 j solidifying points, 56- 
59, 62; soluble, 190; soluble castor, 43; 



INDEX TO SUBJECTS 


72 ; 


specific gravities of, 56-59,61 ; statistics, 
13, 14; sulphonated. 43; table of con¬ 
stants of, 54-59; tanking, 34 ; tests, 12 ; 
Turkey-red, 43; varieties of fatty, 34-60; 
vegetable, 19 et seq ., 22, 23, 26, 33-39; 
viscosity of, 9; water removal from, 12 ; 
water soluble, 12; wine, 226 
Ointments, lanolin, 60 
Old Brunswick green, 504 
Oleate soaps, no 
Oleates, no 

Olefines, estimation in gases, 408 
Oleic acid, 21,60,74,90,92,100a, 103 ; action 
of sulphuric acid on, 91, 98 ; ammonium 
saltsof, 93; candle material from, 98-100; 
distillation of, 94 ; esters of, 99 ; hydro¬ 
genation of, 100a, iood \ iodine values 
of, 40,63 ; manufactures of ? 94,95 ; melt¬ 
ing point of, 95 ; palmitic acid from, 
99; separation from stearic acid, 93 ; 
soaps from, 109-110; stearic acid pro¬ 
duction from, 99 
Oleic series, fatty acids of, 21 
Olein, 21 

Oleo-margarine—see Oleo oil 
Oleo oil, 22, 23, 24, 25, 40, 63, 85, 86, 88; 
manufacture of, 25; properties of, 40; 
statistics of, 22, 23, 24 
Oleo-palmito-stearin, 3 
Oleo-stearin, 22, 23, 24, 25 
Olivanthrene, 556 

Olive oil, 42, 54, 57, 61, 62; adulteration of, 
64, 65 ; statistics of, 22, 23 ; foots, 117 
oil soap, 109-110, 114, 115 

— kernel oil, 43, 54, 57 
Omnicolore colour plate, 653 
Open soap, 103 

Opium alkaloids, 615 ; statistics of, 602 
Orange (dye), 442 

— chrome, 500 

— lac, 348 

— peel essential oils, 132 
Oranges, sweet oil of, 385 
Orcellin, 547 
Orchella, 484 

Orcin, 484 

Oricello, 484 

Oriol yellow, 443 

Organic adds, inversion by, 142 

— compounds, decomposition by bacteria, 

223 

Orlean, 87, 485 

Orleans process for vinegar, 317 
Oropon, 580 
Orpiment, 508 
Orseille, 484 
Orseillin, 547 
Orthochrom, 655 
Orthochromatic plates, 654, 655 
Orthodinitrotoluene, 623 
Orthodiphenylenediamine, 426 
Orthonitrotofuene, 423 
Grthoxylene, 421 

Ortol, 058 
Oryta saliva, 178 


Osmium lamps, 407 
Osmosis, 163, 164 

Osram lamp, illuminating efficiency of, 408 

Oswald viscometer, 359 

Otto of roses, 133, 135, 136 

Overproof spirit, 312 

Overchroming wool, 550 

Ovos, 275 

Oxalates, 370; calcium, 369; potassium, 
370; sodium, 369 ; titanium, 583 
Oxalic acid, 342, 369 370; manufacture from 
formates, 369-370; manufacture from 
wood, 369 ; statistics, 370; use in dyeing, 
550 ; uses of, 370 
Oxamine (dye), 545 

— red, 446 

— violet, 448 
Oxazine dyes, 476 

— ring, 476 
Oxidases, 221 

Oxides, metallic—see under the individual 
metals 

Oxidised linseed oil, 49-50 

— oils, 43 

Oxidising enzymes, 227 
—• soaps, 115 
Oxonite, 645 

Oxy-acetylene blowpipe, 403-404 

— welding, 403-404 
Oxycellulose, 187, 188, 197, 624 
Oxydase, 221, 227 
Oxydation, electrolytic, 434-436 
Oxydimethylaniline, 427 
Oxygen, estimation in gases, 408 
Oxyketone dyes, 480 
Oxyphenine, 545 
Oxyphenylglycocoll, 658 

Oxystearic acid, 90, 92 ; melting point of, 95 
Ozokerite, 17 

Ozone, 183, 380 ; action on rubber, 358, 366a, 
366^; bleaching oils by, 36; polymerisa¬ 
tion of isoprene by, 366^; ozone soaps, 

Ozonides, rubber, 358, 366a 


P 

Packing papers, 195 
Padding machines, 537, 582 
Paget colour plate, 654 
Painters’ colours, statistics, 509 
Paints, 497-512 ; black, 94 ; casein, 80, 5x2 ; 
literature, 497 ; vehicles for, 189; water, 
5 11 

Palatine red, 442 
Pale ale, 277 
Palladium catalytic, ioo^f 
—- chloride, 396 

— toning baths, 660 

Palm oil, 42, 54, 57, 61,62, 63,64; bleaching, 
35, 36; deodorising, 36; statistics, 22, 
23 

— oil soap, 109, no, 115 



728 INDEX TO 

Palm kernel oil,- 4*, 54, 5 $, 6 3 , $4 J soa P from, 
109*110 

— kernels, pressing for oil, 30 

— nut oil, 42, 62 

— sugar, 141, 169 

— wine, 249 

Palmitate, cetyl, 53; myricyl, 53; potassium, 

52 

Palmitic acid, 20, 74, 89, 94, 95 ; candles of, 
99; distillation of, 94 ; melting point of, 
95 ; production from oleic acid, 99 
Palmitin, 20 
Palmrosa citron oil, 136 
Pampe’s low-pressure still, 310 
Panchromatic plates, 654 
Pancreas, 220, 221 
Papain, 221 
Papaverine, 612, 615 
Papaw tree, 221 

Paper, 187, 198 204; action of zinc chloride 
on, 202; ash of, 203; bleaching, 199; 
blotting, 199; colouring, 201 ; develop¬ 
ing, 661 ; grease-proof, 202 ; imitation 
parchment, 202; kraft, 195 ; literature 
of, 198 ; low - grade writing, 200; 
machines for, 201 ; manufacture of, 198- 
204; materials for, 188, 198, 202, 203, 
204; mechanical wood in, 192, 202, 203, 
news, 200; packing, 195 ; parchment; 
202 ; photographic, 661 ; printing, 200- 
202 ; pulp, 198 (see Wood pulp) ; sizing, 
53, 183, 199, 200; statistics, 188, 203, 
204 ; strength of, 201 ; sulphite cellulose 
waste from, 294; testing, 203; tests for 
mechanical wood in, 192 ; waterproof, 
94, 202 ; wood pulp for, 192 ; writing, 
202 

Papier-mach6, 202 

Para rubber, 353, 365; modifications of, 
358 ; statistics, 365 ; see also Rubber 
Para-amidodiphenylamine, 559 
Para-amidophenol, 658 
Paracasein, 69, 75, 76 
Parachutes, for yeast, 274 
Paracresol, 328 

Paraffin wax, 5, 7, 15, 17, 62, 89, 98; 
presence in candle material, 97; 

E resence in ceresine, 17; presence in 
itty oils, 65; production from oil 
shales, 16; production from petroleum, 
15; properties of, 16 ,* statistics of, 14, 
18 ; waterproofing with, 526, 527 
Paraffins, 4 

Paraformaldehyde, 375; presence in soap, 

117 

Parafuchsine, 469 
Paraldehyde, 376 
Parateucaniline, 467 
Paramagenta, 469 
Paranitraniline, 427, 559 
— red, 442,450 
Paranitrobenzoic acid, 43$ 

Paranitrotoluene, 4 2 3 > 435 
Paraoxybenzaldebyde, 137 
Paraphenylene diamine, 4*6* S 57 
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Pararosaniline, 467, 469 
Parasitic disease drugs, 613*614 
Paraxylene, 421 
Parchment, 589 

— paper, 202 ; imitation, 202 
Pans, gas lighting of, 389 
Paris green, 503 

— white, 507 

Paste, shoemakers’, 180; starch, 183, 184 

— blue (dye), 502 
Pasteboard, 202 
Pasteur flask, 230, 231 

Pasteurisation, of alcohol, 304, 305 5 of 
beer, 275 ; of wine, 245 
Patent blue, 468, 656 

— white lead, 500 

— yellow, 500 
Patents, 179 

Pathogenic bacteria, 224 

Pauly silk, 212, 213, 214; tests for, 216 

Paving pitch, 419 

Pavy’s sugar estimation method, 169 
Pea-nut oil—see Arachis oil , Earth-nut 
oil 

— oil soap, 109, no 
Peach essence, 385 

— kernel oil, 43 
Pear essence, 385 

— Oil, 383 

— wine, 249, 250 
Pearl ash, 107 

— hardening, 200 

— sago, 182^ 

Peat distillation, 390 

— moss, 163 

Pebble copals, 345, 348 
Pectase, 221 
Pectin, 243 

Pediococcus acidi lactici, 245 
Pelouzes’ tar extractor, 393 
Pencil for glass, 493 
Penicillium glaucum, 225 
Pennsylvanian oils, 5, 7, 9, 10 
Pentabromindigoes, 462, 463 
Pentadecanaphthene, 5 
Pentadecatoic acid, 20 
Pentadecatoin, 20 

Pentane, 4, 417; chlorination of, 366; 
isoprene from, 366 d 

— lamp, 410 

Pentose sugars, 141, 354, 358 
Peppermint oils, 135, 137 
Peptase, 259 

Peptones, 77 , 221, 255, 259, 273, 

Peracid soaps, 115,119 
Perborate soaps, 115,119 
Perborates, 660 
Percarbonate soaps, 115 
Percarbonates, 660 
Perchlorate explosives, 636 
Perchlorates, 660 
Percussion caps, 637-638 
Perfumes, 132-138 ; statistics, 135, 136 j 
synthetic 136*138 
Pexgament, 589 
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Ferikol, 655 
Perlagonic acid, 20 
Permanent white, 506 

— yeast, 222 

Permanganates, 38,183, 660 
Permitted explosives, 648,649 
Permonite, 636 
Pernigranilines, 480 
Peroxide, bleaching wool with, 523,524 

— soaps, 115 
Perry, 249, 250 

Persian berries, 483, 485, 552 
Persulphate, ammonium, 182,660; potassium, 
660; soaps, 115, 119 
Pertite, 632 
Peru rubber, 365 
Peruvian bark, 602 
Petiot’s wine improving methods, 246 
Petrofracteur, 645 

Petrol, 5 (see also Motor spirit , Petroleum 
ether. Light petroleum) ; for air gas, 405 
Petrolastite, 620 

Petroleum 4-11 ; American, 5, 7; analysis 
of, 9; Burmese, 7; butadiene from, 
36 6c ; Canadian 7 ; Caucasian, 366c ; 
chlorination of, 366**, 366^; composition 
of, 4, 7 ; distillation of, 5,6, 7,10, 11, 15 ; 
flash-point of, 9; isoprene from, 366^; 
light, 6, 7, 8, 30, 31, 3S4, 405 ; mining 
operations, 4; nitrogen in, 5 j non- 
luminous flames from, 407 ; oxidised, 5 ; 
Pennsylvanian, 5, 7; purification of, 5, 
7, 8, 9 ; refining, 5, 6 ? 7, 8, 9; Russian, 
4, 5, 7; specific gravity of, 9; stills, 11 ; 
sulphur in, 5 

— ether, 7, 8, 338, 359, 405 ; as solvent, 
30, 31 ; for air gas production, 405 

— lamps illuminating efficiency of, 408 

— naphtha, 6, 7, 119 

— spirit, 7, 8, 338, 359, 405 
Phenacetine, 606,616 
Phenamine, 545 
Phen&nthrene, 419,421 
Phenetidine, 606 ; hydrochloride, 171 
Phenix Societate Anomina, 100* 

Phenocoll, 606 

Phenocyanine, 476, 553 
Phenol, 228, 422, 439, 559; action of 
formaldehyde on, 211 * butadiene from, 
366c ; esters of, 137-138,209 j estimation 
o£ 121, 422; manufacture of, 418; 
properties of, 422 

— sulphonic acid, 633 
Phenolic developers, 658-659 
«— esters, 137-138, 209 
Phenolphthalein, 470 

Phenols, 210,422, 433 j perfuming, 137-138 5 
separation of, 136 
Phenosafranine, 47$, 656 
Phenyiacetaldehyde, 137 
Phenylacetic acid, 136 
Fbenylene, dyes from, 447 
Pbenylenediamines, 426.557 
Pbenyiethyl alcohol, 136 
Phenylglycine, 439 

so 
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Phenylglycine-o-carboxylic acid, 459, 460 
Phenylhydrazine, 265, 3660, 428, 606 

— sulphonic acid, 433 
Phenylisoprene, 366a 
Phenylmethyiketone, 434 
Phlegms, 306 
Phloroglucin, 192 
Phloxin, 471, 548 
Phoenix powder, 645 
Phonograph cylinder wax, 60 
Pkormium tenax , 516 
Phosacetates, 209, 210 
Phosgene, 468 

Phosphate, ammonium, 527; bi-, 234; calcium, 
594 J glyceryl, 130 

Phosphates (see also Phosphoric acid) ; 
accelerating effect on fermentation, 241 ; 
compounds with sugars, 222 ; presence 
of in milk, 70; presence of in yeast, 
227 ; rare metals, 406 
Phosphide, calcium, 400 
Phosphine (dye), 479, 548 

— gas, removal from acetylene, 400 
Phosphoric acid, glyceryl ester of, 130; 

phenol ester of, 209; presence of m 
grape juice, 243 

Phosphorus, assimilation of, 130; presence 
of in calcium, 69 
Photochloride, 661 
Photographic chemicals, 653-661 

— films, 189 

— papers, 661 

— plates, 653-654 

Photometers, flicker, 409 ; Lummer-Brodhun, 
409 ; portable, 410-411 
Photometric oil, 383, 410 

— standard lights, 409 
Photometry, 408-411 
Phthaleins, 439, 472, 655 
Phthalic acid, 430, 460 

— anhydride, 430, 460 
Phthalimide, 430, 460 
Phytosterol, 52, 66, ioc^ 

— acetate, 66 
Piacaba, 394 
Pickle change, 103 
Pickling leather, 582 
Picrates, 632-634 

Picric acid, 418, 423, 479, 632633, 635; 
manufacture of, 632-633 ; pioperties of, 
633; substitutes for, 633-634; tests, 

643 

Piece-dyeing, 535*537 
Pigeon dung, 577 
Pigment papers, 661 

Pigments, 497-509; aluminium, 504-505; 
antimony, 508 j arsenic, 503,508; barium, 
506-507 ; cadmium, 508; calcium, 507 ; 
carbon, 505 ; chromium, 508; classifica¬ 
tion of, 497; cobalt, 500-503; copper, 
503-504 ; iron, 500-503 ; lead, 497-5°°! 
literature of, 497 ; magnesium, 507 ; 
manganese, 508; mercury, 508; statistics 
of, 509; strontium, 507; sine, 507-508 
Pile fabric dye vat, 534 
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Pilocarpine, 615 
Pilsener beer, 277 

Pirn’s chlorinating apparatus, 366^, 366^ 
Pinachrom, 655 

Pinacone,435 ; dimethylbutadiene from, 366 f 
Pinacyanol, 654, 655 
Pinakol P, 659 

— salt N, 660 
Pinaverol, 655 

Pine tar, 325, 328, 329 

— wood, distillation of, 325, 326 

Pinene, 137, 337, 341 ; conversion into cam¬ 
phor, 340-342 

— hydrochloride, 340, 341 
Pintsch oil gas, 398-400 
Pinus palustris , 337 

— sylvestris , 337 

— tceda, L., 337 
Piperonal, 137 
Piping, rubber, 362 
Pistacia lentiscus , 574 
Pit hook 572 

Pitch, 16,60,419 ; candle, 94 ; cellulose, 195 ; 
hard, 419; mineral, 18 ; soft, 419, 420; 
testing, 419-420 ; wood, 329, 330 
Pitching, 292 

— yeast, 233 
Piuri, 486 

Plant juices, enzymes in, 220 
Plantation rubber, statistics, 365 
Plants, essential oils of, 132 
Plasmon, 80 
Plastammone, 636 
Plaster, English, 595 

— of Paris, dehydration by, 35 
Plastering wine, 245, 251, 371 
Plastic masses, 79 
Plastrotyl, 634 

Plate columns, 302 

— presses, 27 

Plates, photographic, 654 
Platinum, catalytic, iood; colloidal, saponifi¬ 
cation by, 23 

— developing papers, 661 

— direct printing paper, 661 

— standard, Violle’s, 410 

— toning baths, 660 
Plischke system, 263 
Plodder, soap, 111-112 
Plum kernel oil, 43 

— spirits, 283 
Plumula, 179 
Plumule, 255 
Plutoblack, 655 
Pneumatic malting, 262, 263 

— transport of grain, 263, 267 

— Tyres Syndicate, 364 
Poachers, 199, 627, 628 
Poisoning by gas, 408 
Poisons, bacterial, 224 
Polariscope degrees, conversion of, 170 

— estimation of sugar, 170 
Polishes, 18 ; boot and leather, 19 
Polishing oil, 8 

— pastes, 60 


Polychlorals, 379-380 
Polychrome B, 451 
Polygenetic dyes, 548 
Polyglycerine, 623 
Polygonium tinctorium , 458 
Polymerised glycerin, 623 

— glycerin nitrate, 623 
Pomatums, lanolin, 60 
Pombe, 230 
Ponceau, 442, 445 

— crystal, 442 

— scarlet, 491 
Pons papillaris, 567 
Pope’s oil gas system, 399 
Poppy seed, 29 

— seed oil, 45, 54, 56,62,63,64,65 ; adultera 

tion of, 64 

Pornitz dyeing machines, 540 
Porpoise oil, 54, 59, 63, 64, 65 
Port wine, 246, 248 

Porter, English, 229; colouring for, 168 
Postum Cereal Co., 179 
Potash, 107, 242, 243, 294 

— soap, 114, 115, 117 

Potassium bichromate, 507; action on gela¬ 
tine, 527 ; bleaching oil with, 35, 36 ; use 
as mordant, 550 

— bitartrate, 246 

— bromide, 653 

— carbonate, 107 

— chlorate, 637 

— dichromate ; see Potassium bichromate 

— ferrocyanide, 502, 525 

— glyceryl phosphate, 130 

— hydroxide, 408 

— iodide, 380 

— methyl sulphate, 330 

— nitrate, 95 

— oxalate, 370 

— permanganate, 38, 183 

— persulphate, 660 

— phosphate, 227 

— soaps, 117 

— sulphate, 266 

— tartrate, 246, 373 

Potato alcohol, 181, 280-284, 292 

— balance, 180. 

— distilleries, 285, 292 

— flour, 176, 182 

— mash, 287-289, 292 

— starch 176, 178, 181-182, 183; statistics, 

176; syrups from, 167 

— starch factories, 176, 181 

Potatoes, amniotic water of, 287; breathing 
of, 181 ; composition of, 178, 284 ; dried 
powdered, 284; improvement of, 181; 
loss of weight on storing, 181; specific 
gravity ana starch content of, 181; 
starch content of, 178, 181; sweetening 
of, 181 j synthetic rubber from, 366^ 
Potcher—see Poacher ,, 199, 627^628 
Powder, ammonium nitrate, 644; composi¬ 
tion of, 644; baking, 234; Brug&re, 645 ; 
Designolle torpedo, 645; deterioration 
of, 641-642; E.C., 646; face, 183; 
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Faversham, 645 ; giant, 644 ; gun, 619- 
620; Hercules, 644 ; milk, 81 ; Phoenix, 
645; smokeless, 333, 638 642, 646; 
soap, 112, 115, 117; stability of, 641- 
642, 643; Vulcan, 644; Walsrode, 646 ; 
washing, 115; withered, 645; pre¬ 
servation for butter, 75 
Press cake—see Oil cake , 22, 23, 24, 30, 33, 
182 

— rolls, 201 

— wines, 243 

Presses, Anglo-American, 27, 29; cage, 27, 
30; castor seed, 29, 30; clodding, 27, 
30; cylinder, 30; filter, 33, 34, 15 1 ; 
plate, 27; soap, 105, m, 112; wine, 

243 

Pressure, effect on hydrogenation, 1000, 100^ 

Pressure diffusion processes, 147-149 

Prima starch, 180 

Primary fermentation, 266 

Primers, 628, 634, 637 638 

Priming compositions, 620, 632, 633 

Pnmuline, 478,532,545 

— dyes, 544 

— yellow, 429 
Printer's soap, 115 
Printing calico, 560 

— machines, 559-561 

— inks, 493 

— out papers, 661 

— papers, 202 

Procter Gamble Co., 10 of 
Proof spirit, 312 
Propionic acid, 20, 330, 331 
Propionin, 20 
Proponal, 610 

Propyl alcohol, 251, 298, 314 
Protein, cereal, 284; cheese, 77 ; potato, 
284 ; Ritthausen’s method of estimation, 
77 ; starch, 178, 179 180 

— soap, 116 
Proteolytic bacteria, 225 

— enzymes, 220, 221, 227, 255 
Proto-catechualdehyde, 135 
Proto-catechuic acid, 487 
Prune, 476 

Prussian blue, 370, 493, 5 <», 5 1 *) 559 5 ink, 

491 

Prussic acid—see Hydrocyanic acid, 393, 
394 > 395 

Pseudocumene nitroderivatives, 634 
Psyliostearyl alcohol, 52 
Ptomaines, 224 
Puer, 580 

— substitutes, 225, 580 
Puering process, 577,580-581 
Pulled wool, 517 

Pulp, bleaching, 195, 196, 199; paper, 198; 

wood, 19a, 198,203-204 
Pulping gun-cotton, 627, 628; paper-making 
materials. 198; wood, 192-196 
Pumpkin-seea oil, 44, 54, 56 
Pumps, barometric water, 156,157 
Puratylene, 400 
Purex, 500 


Purifiers, 395 
Purine alkaloids, 616 
Purple Tyrian, 420, 463, 485 

— dyeing, 551 
Purpunn, 452 
Purpurine dyes, 545 
Purrea arabica , 486 
Purree, 486 
Purub, 354 
Putrefaction, 223 
Putrefying flesh, poisons of, 224 
Putty, 507 

Pyramidone, 607 
Pyramine (dye), 545 
Pyranthrone, 455-456 
Pyrazolone, 606 

— drugs, 606-607 

— dyes, 450 
Pyrene, 419 
Pyridine, 392, 420, 428 

— bases, 420 
Pyrites, iron, 194 
Pyrocatechin, 330 
Pyrocatechol, 659 
Pyrogallate, alkaline, 408 
Pyrogallic esters, 328 

Pyrogallol, 433; developers, 659; tannins, 
573 

Pyrogene, 546 

Pyroligneous liquors, 328, 330 
Pyrolusite, 508 
Pyrometol developers, 659 
Pyrone dyes, 470-472 

— ring, 470 
Pyronines, 47*-472 
Pyropotash developer, 659 
Pyrosoda developer, 659 
Pyroxylin, 208 


Q 

Quadruple effect evaporators, 155-158 

Quebracho, 574 

Quercitin, 485 

Quercitrin, 485 

Quercitron, 485, 552 

Quercus cegtlops , 574 

— arris, 574 

— tinctoria , 485 

Quick smoking process, 329 
Quicklime, 571 
Quinaldine, 376, 428 

*Quinaldinquinolinethylcyanin iodide, 655 
Quinidine, 615 
Quinine, 602, 615 
Quinizarin, 452 

— greens, 453 
Quinoline, 393, 4 2 o» 

— dyes, 479, 655-656 

— red, 479 

— yellow, 376, 480 

Quinone, 43S , 

Quinoneoxime dyes, 479 

Quintuple-effect evaporation, 155,157,158 
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Rack-a-Rock, 645 
Racking beer, 274-275 
Radicle, 255, 256 
Raffinase, 227 
Raffinose, 141 
Rags, 203, 204 

Rail piercing by acetylene flame, 404 
Railway illuminating gas, 399 

— sleepers, 190 
Raisins, 242 
Ramie, 187, 406, 516 
Rancid fats 21,62 
Rancidity of soaps, 110 

Rape oil, 44, 54, 56, 62, 63, 64, 65 ; hydro¬ 
genation of, 100b ; statistics of, 22, 23 ; 
viscosity of, 10 

— seed cake, 22, 23 

— seed oil—see Rape oil 
Rapic acid, 44 

Rapid ager, 544 

— filter red, 656 

— filter yellow, 656 
Rasch’s neutral process, 372 
Raw grain converters, 271, 287-289 

— silk, 518 
Recinoleic acid, 2x 

— series, 21 
Recinolein, 21 

Rectification, 300-301; see also Distillation 
Rectified spirit, 300 
Rectifiers, 297 

Rectifying columns, 297, 298, 299, 300, 302- 
303, 304 

Red dyes, natural, 484-485 

— lead, 499 ; driers, 46, 47 

— oil, 94, 103, 109; soap, 109-110, 114, 115 

— oxide ? 501 

— Venetian, 49 

Reducers, photographic, 660-661 
Reducin, 659 
Reducing apparatus, 424 

— enzymes, 227 
Reduction, 424, 434-436 
Redwood, 484 
Refiners* blue verditer, 504 
Refining oils, 32-39 

— sugar, 164-166 
Reflux, 306 

Refractometers, 62, 74 

Refrigerating plant for oils, 39 

Refrigerators, wort, 271, 272, 273 

Regulation, 305, 309 

Regulators for stills, 299 

Reichert-Meissl values, 55,64,65, 75, 78, 87 

Rendrock, 644 

Rennet, 69, 75 * 7 $, 221, 227 

Resin—see Ro$in 

— oils, 12,202,339 

Resins, 347-3505 action towards solvents, 
350; artificial, 211, 349; constants of, 
350; definition of, 345 1 bop, 254, 265 ; 
identification of, 349-3505 industrial, 
345*350; literature of, 34$; melting 


points of, 349, 350 5 nitrated, 636 ; pro¬ 
perties of, 349; removal from gutta 
percha, 364; solubility, 349,350; specific 
gravities, 349,350; statistics, 346; wood, 

^ 326,327 

Resoflavin, 553 
Resorcin—see Resorcinol 

— brown, 444 

Resorcinol^ 433, 559, 659 (Resorcin) 

Rete malpighi, 567 

Retorts, acetone, 332 ; deterioration of, 3915 
gas, 390-392 5 horizontal, 324, 390*392 ; 
inclined, 3915 oil gas. 398-399 ; vertical, 
326, 391; wood distillation, 324-327 
Retrogradation, 306 
Retting of flax, 516 
Rexite, 645 
Rhamnetin, 485 
Rhenania Chem. Fab., 331 
Rhenish dynamite, 644 
Rhodamines, 471-472, 548, 656 
Rhodine, 472 
Rhoduline, 474 
Rhigolene, 7 
Rhubarb wine, 249 
Rhus, 49 

Rhus coriana , 574 

— radicans , 492 

— toxicodendron , 492 

— venenata , 492 

— vemicifera, , 49 

Rice, brewing, 252, 253, 254; composition 
of, 178; equivalency of to barley, 273; 
statistics, 252-253 

— beer, 225 

— starch, 176, 178 
Ricinus communis , 43 
Riegel’s milk albumen, 80 
Riems, 589 

Rinds, essential oils of, 132-133 
Rinmann’s green, 503 
Ripening of cheese, 76, 77 

— of milk, 86 
Roan, 580 
Roburite, 635, 645 
Roccella, 484 
Rochelle salt, 169, 615 
Rock dammar, 348 
Rodinal, 658 

Rose-Herzfeld fusel oil estimation, 313 
Roller coverings, 364 
Rolling machine (leather), 578 
Rolls, calender, 201, 362; cane crushing, 
153; couch, 20!; dandy, 2015 press, 
201; rubber calendering, 362, 363 5 
rubber mixing, 362 5 rubber washing, 
362 5 seed crushing, 28; smoothing, 
201 

Ropiness of wine, 245 

Rosaniline, 439, 469; dyeing with, 531, 
532 

— dyes, 467, 469-47©) 653 

— hydrochloride, 531 
Rose Bengal, 471, 548 

— oil, 133, i 35 i 136 



733 


INDEX TO SUBJECTS 


Rosin, 199, 337*339, 345, 349 ; constants of, 
350$ detection in size, 203; soap, 118, 
119; distillation of, 337,338-339; estima¬ 
tion in soap, 118, 119; flash-point, 9; 
literature of, 337 ; presence in ceresine, 
17 ; presence in linoleum 50 ; presence 
in soap, 103, 109-no, 114, 1x5 1x7, 118, 
119; sizing with 199; steam extraction 

°f. 338 

— acids, 199, 338; driers, 47 

— grease, 339 

— oil, 338 339 

— sizing, 199 

— soap, 199; see also Rosined soap 

— spirit, 8, 338 
Rosmates, 117, 199 

Rosinates, 47, 190, 191 5 aluminium, 199; 
copper, 190; driers, 47; wood impreg¬ 
nation with, 190, 191 ; zinc, 190 
Rosindulines, 473 

Rosined soap, 103, 109-110, 114, 115, xx6, 
xx7 ; see also Rosin soap , 199 
Rosmic acids, 47, 199, 338 
Rot of wood, 190, 191 
Rotation, multa, 166 
Rotholz, 484 
Rouge, 501 
Rougher out, 257 
Rounding knife, 572 
Royal Gunpowder Factory, 620 
Rubber, 351-366 h ; accelerators for, 361 ; 
analysis of, 365^, 528; bromides of, 359, 
3 66 a; butadiene, 366<z; calender rolls 
for, 363; chlorides of, 359 ; constitution 
°f» 35^ 366a; craped 356; devulcanisa- 
tion of, 364; dipropylene, 36 6a; distilla¬ 
tion of, 359; fabrics proofed with, 527 ; 
forcing machinery for, 364 ; formation 
of in plants, 354 359; grinders for, 362 ; 
hard 36! identification of, 359, 3 66a ; 
isomendes of, 359,366 ; isoprene, 366a ; 
literature of 353, 366; making up of, 
363; mixing rolls for, 362 ; natural, 353- 
36s 366a* nitrosates of, 359, 366a; 
nitrosites of, 359, 366a; perishing of, 
359J production from acetylene, 366^ 
36 6d ; production from butadiene, 366/, 
366A; properties of, 358-359; regener¬ 
ated 304 ; remanufacture of, 364; resin 
separation from, 358; sheet, 356; sol¬ 
vents for, 359; sources of, 354; spreading 
machine for 362; squirting, 364 : statis¬ 
tics of 365a ; substitutes for, 365 ; sul¬ 
phur compounds of, 361; synthetic, 359, 
366.366*, 405 (see also Synthetic tubber) ; 
tackiness of, 359; tapping for, 354, 365 ; 
testing of, 365^: thiozonides of, 361; 
viscosity 0fj 365 a\ vulcanisation of, 197, 
360 * washing 356; waste, 365 

— bromide*, 359,365a, 366a 
chlorides, 359 

— goods manufacture, 362* 
nitfosates an4nitf«tes, 359,366« 

-*• plantations, statistics, 
substitutes, 36$ 


Rubber sulphur compounds, 36X 

— thiozonides, 361 * 

— vulcanisers, 360 

— waste, 365, 365a 
Ruccu tree, 485 . 

Rufanthrene browns, 556 
Rufigallol, 452 

Rum, 163,283 ; artificial, 382 ; Jamaica, 23^ 
283 ; yeast for, 230 

— essences, 283, 382; see Ethyl formate , 

382 

— factory, 293 

Rumex Kymenosepalum , 573 
Running, 544 
Russian leather, 329 

— petroleum, 4, S. 7 . 9 . 1°. 398 

— oil, 9, 398 ; viscosity of, io 

— solar oil, 398 

— stills, 5 

— turpentine, 338 
Rustling of silk, 545 

Rye, chemical composition of, 284; malt 
from, 286; starch from, 177, 178 


s 

Saaz yeast, 229 
Saccharine, 167, 171, 275 
Saccharometers, 274, 291 
Saccharomyces apiculatus , 230, 244 ; ciqui- 
folii , 230; cervisue , 228, 229, 230; 
el/ipsoideus, 228, 229, 230, 242, 244; 
exiqitusy 230; ilicis, 230; kefir % 221; 
malt) 230; membranafaciens , 230; 

pas tori anus , 228, 230 ; pyriformis , 230 
Saccharomycetes—-see Yeasts 
Saccharose, 141, 230 
Safe explosives, 635-636 
Safflower, 546 
Saffron, 75, 486 
Safranine T, 473,475, 491 
Safranines, 473, 474*475 
Safrol, 135, 138 

Sago, 178; artificial, 182^; pearl, 182 b 

— palm. 175 

—. starch, 175, X78 
Sagus IceviSy 175 
Sails, waterproofing, 527 
Sakd, 225, 249 
Sal dammar, 348 

— method, 71 

Salicylate, amyl, 138; antipyrine, 607; 

methoxymethyl, 384 ; methyl, 384 
Salicylic acid, 228, 418, 430; use as anti¬ 
septic, 245, 275 
Salicyhde, 378 

— chloroform, 378 
Salipyrine, 607 
Saliva, enzymes in, 220 
Salolin, 1 oof 

Salt, electrolysis of, 196; gravy, 168; re¬ 
covery from soap lyes, 124, 127; use in 
dyeing, 544, 545; use in tanning, 582 
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Salt-water soap, 107, no, 116; see Marine 
soap 

Saltpetre, conversion, 620 
Salts, effect on crystallisation of sugar, 142, 
143,144,161.163 

Salvarsan, 614 
Sanatogen, So 
Sand filters, 160 
Sandalwood, 484 

— oil 137 

Sandarac, 345, 349, 350 
Sandelholz, 484 
Sandoce, 171 
Sanitas, 338 
Sanose, 80 
Santalin, 484 
Santalol, 137 
Santalwood, 484 
Santonin, 602, 614 
Santoninic acid, 614 
Sapo verdigris, 110 

Saponification, 22, 89, 93; acid process of, 
91 ; ammonia process, 93, 99 ; colloidal 
metals process, 93 ; enzyme process, 93 ; 
Krebitz’s process, 109; lime process, 
89, 109; sodium carbonate process, 108 ; 
sulphuric acid process, 90 ; superheated 
steam process, 89; TwitchelPs process, 
92 , 93 

— values 53, 54, 55, 62, 75; of hardened 

oils, 100/ 

Saponifier, dartring, 93 ; TwitchelPs, 92, 
93 

Sapota mulierii , 364 
Sapping timber, 191 
Sardine oil, 54, 58, 62, 63, 65 
Sassafras oil, 135, 138 
Satin, 561 

— white, 507 
Satrapol, 658 

Saturation process for sugar syrups, 151-153 
Saturators, 151, 152 
Saunders wood, 552 » 

Savalle’s film-type column, 302-303; stills, 
298-301 

Sawdust, distillation of, 329; oxalic acid 
from, 369 
Scald, 658 
Scandinavia, 196 
Scarlet lakes 510 

Scents, 132-138; see Essential oils, Perfumes 
Scheele’s green, 503 
Schichtwerke, Aussig, 10 of 
Schimose, 632 
Schizomycetes, 223 

Sckizosaccharomyces mellacei, 230; pombe, 
230 

Schlempekohle, 294 
Schottensick, 72 
Schultze, 646 
Schweinfurth green, 503 
Sclerotium claws, 612 
Scoop chargers, 391 
Scotch fir, 337 
—• shale oil, 398 


SUBJECTS 

Scotch whisky stills, 295-296 
Scouring soaps, 114, 116, 1x9 
Screens, photographic, 656 
Scrim oil, 50 
Scroop of silk, 545 
Scrubbers, 394 
Scudding, 581 
Scutellum, 255 
Sea Island cotton, 406 
Sea-weed gelatine, 214 
Seal oil, 26, 54, 59, 63, 65 
Seek malt mills, 264, 268 
Secondary fermentation —stt Afterfermenta - 
tion 

Secondary starch, 180 
Securite, 635, 645 

Seed, castor, 29; cotton, 29; mustard, 29; 

poppy, 29 ; sesame, 30; sunflower, 29 
Seed lac, 346 
Self-raising flour, 234 
Seltzers, 250 

Semecarpus anacat dium , 492 
Semichrome, 587 
Semi-drying oils, 40, 54, 56, 65 
Semolina, 179 
Sensitising dyes, 654-656 
Separators, half-corn, 257 ; laval, 235 ; nitro¬ 
glycerin, 621 
Sericin, 518 
Sericinic acid, 532 

Serum, blood, 69,224,597; enzymes in, 220 ; 
milk, 86 

Sesam6 oil, 44, 54, 56,61, 63, 64,65, 85; test 
for, 100/ 

— seed, pressing, 30 

Sesamum indicum , 44 ; orientals , 44 

Stetocyanine, 468 

Shale naphtha, 8 ; see Shale oil 

— oil, 4, 7, 8 ; paraffins from, 18; statistics 

of, 14 

— spirit, 8, 338 
Shark-liver oil, 63, 65 
Sharps, 179 
Shaving knife, 572 

— soap, no, 117 
Shea butter, 42 
Sheep milk, 67 
Sheepskins, 569 
Sheep's foot oil, 41 

Shellac, 346, 485 ; artificial, 210-211 

Shells, 632, 634 

Sherry wine, 246, 248 

Shoddy wool, 516, 517 

Shoemakers’ paste, 180, 184 

Shoes, statistics, 565 

Short malt, 256, 285-286 

Shorthorn, milk of, 68 

Siderin yellow, 502 

Sides, 575 

Sienna, 501 

Sierra Leone, copals, 345, 348 
Silent spirit, 279 
Silesia powder, 636 
Silica in water, 206 
Silica-graphite paints, 506 
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Silicate, fireproofing with, 190, 191, 527 ; Smokeless powders, 333, 629, 638-642, 646 
presence in soaps, no, 2x7, 120; sizing Smoothing rolls, 201 

with, 200; sodium, 79 ) *° 7 > 110,117, 190, Snakes, hides of, 569 

191, 200, 527, 584 Soaking, 569 

Silicon carbide, 506, 636 Soamin, 613 

— explosives, 636 Soap, 22, 102-122; aluminium, 101, 526 ; 

Siliqua Tula's, 383 amino acid (see Protein soap), 116; 

Silk, 517-519; artificial, 187,188, 207,222- ammonia, 109; analysis of, 118-121; 
226, 629; basic mordants for, 550; bar-cutting machine, 105; bleaching, 

bleaching, 518, 524-525 ; boiled off bath, 115; boiled, 101 106 ; bone fat, 115; 


525 ; boiling process, 518 ; brightening, 
545 ; casein, 214 ; cellulose acetate, 214 ; 
cellulose nitrate, 212 ; Chardonnet’s, 212- 
213; degummed, 517-518; determina¬ 
tion of in waterproof cloth, 527 ; dyeing 
processes (see Silk dyeing) ; fibres of, 517- 
518 ; gelatine, 214 ; Lehner’s, 212, 213 ; 
nitrogen in, 216 ; rustling of, 518, 545; 
scroop of, 545 ; soaps for, 2x5 ; statistics, 
215 518-519; tests for, 216; Tussah, 
216, 518 (see Tussore silk , Tasar silk) ; 
Vandura, 214 ; wadding, 518 ; weighting, 
525» 548, 549) 550) 552 ; white boiling, 
518, 525 ; wild, 518 

— dyeing, 484, 525, 532, 545, 547, 548, 550 

552, 553) 555-556; black, 484 ; with acid 
dyes, 547 ; with alizarin, 553 ; with basic 
dyes, 548 ; with direct cotton colours, 
545 ; with indigo, 555-556 ; with log¬ 
wood, 552 
Silkworms, 517-518 
Siloed beet slices, 149 
Silvalin, 197 

Silver bromide papers, 661 

— chloride papers, 661 

— nitrate marking inks, 492-493 

— phosphate papers, 661 
Simmance-Abady flicker photometer, 409 
Simonsen’s alcohol from wood process, 294 
Simplex butter machines, 73 
Singapore, 182 

Singeing cotton, 520 

— machines, 520 
Siris, 275 

Sirius silk, 213 ; yam, 215 
Sisal grass, 519; hemp, 516 
Sitosterol, 52 

Size, 283,189,561 ; animal, 203 ; paper-pulp, 
189; starch, 183 

Sizing, agents for, 195, 200, 560 ; casein, 79 ; 
engine, 199; paper, 183, 189, 199, 200; 
testing, 203 
Skim milk, 83 * 

Skimmer, 274 

Skins, 567-569 

Slabber, soap, 104, 105 

Sleeping sickness drugs, 601, 6x3-614 

Slicers, beet, 145, 248-250 

Slickers, 572 

Slop, 182 a 

Slabbing, dyeing, 558 
Sludge cake, sugar, 151*152 
Smalt,. 2oz f 503 

Smoked rubber, 354,357; meat and fish, 329, 
33 1 


borated, 117, 118; calcium, 101, 209; 
Castile, 103, 110, xx6; castor oil, 107, 
109-120; caustic soda process, 108-109 ; 
characteristics of, from various stock, 
109; closing, 103; cocoa-nut oil, 102, 

103, 107, 209-220, 114; cold process, 
107, 209-2x0,114 ; colouring matters for, 
119; composition of varieties of, 120; 
com oil, 109-110, 114 ; cotton scouring, 
115 ; cotton-seed oil, 102, 103, 209-210, 
114,115; cutting, 102,105; direct neutral¬ 
isation process of manufacture of, 108- 
109; disinfecting, 115, 117; estimation 
of cresol in, 121 ; estimation of dextrine 
in, 119; estimation of glycerol in, 118, 
119, 130, 131 ; estimation of phenol in, 
121 ; estimation of rosin in, 118-119; 
estimation of starch in, 118-119; estima¬ 
tion of sugar in, 118-119; fatty acid pro¬ 
cess, 108-109 i filling) *07) *iO) **8 ; 
finishing cloth with, 561; fitting process, 
103 ; floating, 103, 106, 2x7; formaline, 
117 ; glycerol, 206-207, 114, 117 ; grain¬ 
ing, 102 ; greases, 109-no; green, no; 
hard, 101 ; high-pressure, 107, 108; 
hydrated, 107, 108; iron, 104, 223; iso, 
117; lard oil, 115; laundry, no; lead, 
46,47,48,101; linseed oil, 109-no, 115- 
117; magnesium, 101; marine, 107, 220, 
226; medicated, 117; milled, 100, 22x- 
122; mottled, 116; neat, 104; nigre, 

104, 106; oleate, 109, xxo; oleic acid, 
109, no, 114, 115 (see Red oil soaps) ; 
olive oil, 109-no, 114, 115; oxidising, 
115; ozonised, 115; palm oil, 209-220, 
115 ; palm-kernel oil, 109, 110; pea nut 
oil, 109, no; peracid, 115, 119; pei- 
borate, 115,119; percarbonate, 115,119; 
perfumed, 119; peroxide, 115; per¬ 
sulphate, 115, 119; petroleum naphtha, 
119 ; potassium, 117 ; printers, 115 ; pro¬ 
tein, 116; raw wool, 114; red oil, 109- 
no, 114, 115; rosin, 103, 209-220, 114, 

115, 116, 117, 299 (see also Rosin soap 
ana Rosined soap); salt water, 107, 220, 
226 (see Marine soaps) ; scouring, 114, 

116, 119; shaving, no, 227; silicated, 
117; silk scouring, 115; sodium carbonate 
process of manufacture, 108; soft, 101, 
107,127; statistics of, 119; sun-flower 
oil, 109-110; sweating of, no; tallow, 
102,209-220,115 ; tallow for, 24; textile, 
109, 224-225 ; toilet, 107,111-112 ; trans¬ 
parent, 107, 112, 114; varieties of, n 1 

117, 120; woollen dyers, 115 
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Soap chipper, ill, 114 

— chips, 112,155 

— crutcher, 105 

— drying apparatus, continuous, 112-113,115 

— factories, construction of, 105, 106 

— fillers, 107, 110 

— frames, 104, 105 

— kettle, 102 

— lye, 103, 122, 127, 131; recovery of 

glycerol from (see Glycerol) ; recovery 
of salt from, 124, 127 
—•plodder, 111-112 

— powder, 112, 115, 117 

— presses, 105, in, 112 

— slabbers, 105 

— stock, 24,109-110 

Soaps, table of analysis of various, 120 
Societe de Stearmnerie, ioo» 

Sod oil, 41, 589 
Soda, caustic, 107 

— ash in soap, 115 

— ash lye, 107 

— cellulose, 189, 19 j 

— lime, dechlorinatmg effect of, 366^, 366^ 
Sodamide, 459, 460, 638 

Sodium, polymerisation of isoprene by, 366^ 

— acetate, 332 

— amidoacetate, 659, 660 

— amidonaphtholdisulphonate, 659 

— amidonaphtholsulphonate, 659 

— bicaibonate, 234 

— bichromate, use as mordant, 550 

— bisulphite, 136, 640 

— bisulphate, 370, 550 

— carbonate, 107, 108, 109, no, 115 

— chloride, 266 

— fluoride, 622 

— formate, 366-370 

— hydroxide—-see Caustic soda 

— hydrosulphite, 554 

— hypochlorite, 196 

— nitrate, 266, 620 

— oxalate, 369 

— peroxide, 523, 524 

— silicate, 79, 107, no, 194; fireproofing 

with, 190, 191, 527; presence in soaps, 
no, 217, 120; sizing with, 200; use in 
silk dyeing, 550 

— stannate, 524 

— sulphate, 266, 547, 549 

— sulphite, 199 

— thiosulphate, 199, 660 

— thiosulphate destroyers, 660 

— tungstate, 527 

Soft soaps, 101, 107, xx7 
Softening water, 534, 544, 545 
Soja bean oil, 44 

— beans, 29 (see Chinese beans) 

Soja hispida, 44 

— taponica, 44 
Solanin, 181 
Solar oil, 398 

Sole leather, 575-580 \ imitation, 202 
Solene, 8 
Solenite, 641 

Solidified linseed oil, 49-50 
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Solidifying points, 56, 57, 58,62 
Soluble blue, 470, 547 

— castor oil, 43 

— oil, 549 

— starch, 182^ 

Solution, 533 ; colloidal — see Colloidal 
solution 

Solvent naphtha, 417, 418, 419 
Solvents, for dry cleaning of clothes, 8 ; for 
essential oil extraction, 133; for oil 
extraction, 30 ; for rubber, 359 
Somnoform, 603 
Sorghum sacchatatum, 169 
Soup coleur, 168 
Sources of light, 408 
Souring cultures, 86, 87 

— machines, 521 

— wort, 291 

Southern Cotton Oil Co. v 10 of 
Soxhlet extractor, 66 
Spanish vine culture, 242 

— white, 507 
Spargers, 269-270, 316 
Sparging, 270 

Sparking of oil extraction plant, 8 
Sparkling wines, 244 
Spearmint oil, 137 

Specific gravity, of alcoholic solutions, 
313; of oils, 56, 61; of potatoes, 181, 
of resins, 350; of sugar solutions, 170, 
390; tables, 665, 666 
Sperber beet slice drying process, 149 
Sperm oil, 3, 52, 53, 54, 59 . 61, 63, 65; 
visccsity of, 10 

Spermaceti, 52, 53, 54, 59, 61, 62, 63, 89, 
637 

Spermaldia clavus , 612 
Spent wash, utilisation of, 281, 312 
Spirit, shale, 338 (see Shale spirit) ; rosin, 
338 (see Rosin spirit); petroleum, 338 
(see Petroleum spirit, Petroleum ether) ; 
turpentine, 337 ; wood, 332-333 

— eosine, 471 

— oil, 60 

— varnishes, 49 

Spirits, 278-314; aim of distiller, 285 ; grain, 
worts for, 292; literature of, 278, 295 j 
manufacture of, 285 et seq. ; mashing for, 
286-291; methylated, 281, 294, 333; 
plum, 283; potato, 292 ; proof, 312 ,* raw 
materials for, 283-284; rectified, 300; 
silent, 279; storage of, 311; testing, 
312-314; yield from starch, 292 
Splitting machine (leather), 579 
Spores, 223, 225, 227, 238 
Sporting ballistite, 646; powders, 641 
Spraying columns, 303 
Spreading machines, 361 
Sprengsalpeter, 620 
Spueing, 579 
Spun silk, 518 
St Dermis red, 447 

Staatlicben Versuchsanstalt zu Geiteabeim, 

244 ~ 

Stabilisation of gun-cotton, 626-627 
Stabilisers, 208,64s 
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Stability of alcoholic liquors, 245,246, 275 

— tests for explosives, 043 

Staking machine, 578 ' 

Standard bread, 179 

— Oil Co., 98 ^ 

— washer scrubber, 394 
Stannate, sodium, 524 
Stannic chloride, $47 

— mordants, 549 

Starch, 175-184 ; acetone from, 333; action 
of nitric acid on, 183,184, 629; adhesive 
power of, 178, 184; adhesives, 183, 184 
(see Adhesives , Gums) ; adulteration of, 
176 ; arrowroot, 178; barley, 178 ; 
bleaching, 183; butadiene from, 366^; 
chemicalled, 182*; constitution of, 175, 
264; conversion into fermentable carbo¬ 
hydrates, 265, 286-287 ; conversion into 
sugar, 265,286, 287 ; curcuma, 178; de¬ 
tection in soap,* 118,119 ; dextrine from, 
177; dextrose from, 265; diastatic de¬ 
gradation of, 177* 220,253,264-265, 291 ; 
estimation of, 183-184 ; fermentation of, 
226 ; formation of in plants, 175 ; fusel 
oil from, 314 ; gelatinisation of, 177, 287- 
289, 291; glazing by, 201 ; growth of 
mould on, 178; hydrolysis of, 167, 177, 
225; hydrolysis by diastase, 177, 220, 
253, 263^, 264, 265, 291; kinds of, 175, 
176, 178; laundry, 178; literature of, 
175 ; loss during malting, 260,263, 264; 
maize, 176, 178 ; manufacture of, 177 ; 
maranta (see Arrowroot) ; nitration of, 
629; nitro-, 629; oat, 178; percentage 
in cereals and potatoes, 225, 284; poly¬ 
merisation of isoprene by, 366 g ; potato, 
176,178,181-182 ; presence in malt, 264 ; 
prim a, 180; properties of, 177 ; protein 
in, 178, 179* 180; rice, 176, 178, 226; 
rubber from, 366^; rye, 178; saccharifi¬ 
cation of, 286, 287; sago, 175, 178; 
secondary, 180; sizing, 200, 201; soluble, 
182-183,265 * statistics of, 176; sticking 
power of; 177 ; structural markings of, 
176,178 ; syrups from, 167-168 ; tapioca, 
178 ; tests for, 183-184, 291 ; thick boil¬ 
ing, 1824; thin boiling, 1824; Tous-les- 
mois, 178; unchemicalled, 1824; uses 
of, 183 ; wheat, 176,178,179, *80; yield 
of alcohol from, 292-293 
Starch factory residues, 182 

— glazes, 183 

— granules, 175 

— gum, 176,177, 184 

— tye* 178 

— nitrate* 629 

— paste, 183,184, 560, $6r 

— residues, 178 

— sugars, 166-168,246, 254 

— syrups, 166, 167, r68, 176 
Starches, table of; 178 
Starchy materials, 283-284 
Starter* for milk ripening, 76 

Steam, superheated, saponification by, 89 

mSBrn!w ,i8 




Stearic acid, 20, 74,89, 90,91, 94 ; 95 » distil¬ 
lation of, 94; melting point of, 95; 
presence in margarine and butter, 87; 
production from oleic acid, 99, 1004, 
100& ; separation from oleic acid, 93; 
sulphonated, 91, 92 
Stearin, 20, 102 ; lard, 26 ; oleo, 25 
Stearine, 41, 60, 97; cotton seed, 87; fish, 
41; formation of, 38 ; lard, 87; produc¬ 
tion from oils, 39 
Stearo-lactone, 98, 99 
Stearoptenes, 133 
Steatite, 506 

Steel cutting by oxy-acetylene flame, 403 
Steel’s mashing machine, 268, 269, 270 
Steely grains, estimation, 254-255 
Steeping, loss of weight during, 264 

— barley, 258 

— cisterns, 258 

Steffen’s lime process of molasses sugar 
recovery, 164; pressure diffusion pro¬ 
cess, 147 

Stentering machines, 543 
Stick lac, 346, 348 
Stilbene dyes, 450-451, 544 

— yellow, 450 
Still residuum, 10 

Stills, acetic acid, 331; benzol, 417, 418; 
Blair’s, 300; brandy, 295-296 ; combined 
distillation and rectification, 306-311 ; 
continuous, 297 et sep. y 417; essential 
oil, 132,133; formic acid, 370; Garrigue’s 
glycerol, 128-129; glycerol, 124, 125, 
128-129; Heckmamrs fractionating, 417- 
418 ; Heckmann’s glycerol, 125 ; lubri¬ 
cating oil, 11 ; Pampe’s low-pressure, 
310; paraffin wax, 15 ; pot, 295 ; rosin, 
337; Savalle’s, 298-300; simple, 295- 
296; tar, 416-417; vacuum, 5, 10, 15, 
124-125, 128, 337, 416 
Stink stone, 614 
Stipa tenacissima , 517 
Stockholm tar, 328 

Stout, 277 ; colouring for, 265 ; milk, 73 \ 
waters for, 266; yeasts for, 229 
Stovaine, 604 
Stowite, 645 
Strap butts, 578 

Straw, 187, 195; cfcllulose from, 195 ; test 
for, 203 

Strawberry essence, 385 
Strike point, 160 
Stripping, 587 

Strontia process of sugar recovery, 164 
Strontium pigments, 506, 507 

— sucrates, 142,143,163-164 

— sulphate, 507 

— white, 507 
Strychnine, 602, 615 
Strychnos nux vomica , 615 
Stuff chests, 201 
Stuffing drum, 579 

— process, 578-579 
Styptics, 612 
Styrax benzoin, 347 
Styral alcohol, 136 
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Sublimed white lead, 500 

Substantive dyes, 531-533 : S€e Direct dyes 

Substitutes, lard, 87; rubber, 364 ; suet, 87 ; 

see also under Artificial 
Succineins, 472 
Succinic acid, 222, 293 
Sucrase, 221 

Sucrates, 142, 143, 150, 163, 164; calcium, 
150, 163, 164; strontium, 163, 164 
Sucrol, 171 

Sucrose, 141 etseq . (see also Sugar) ; butyric 
fermentation of, 143 ; compounds of, 142, 
143, 150, 163, 164; estimation of, 169- 
170 ; inversion of, 142 ; lactic fermenta¬ 
tion of, 143; properties of, 142; rate 
of fermentation of, 240; rotation of, 142 
Suet, 87 ; substitutes, 87 
Sugar, 139-170, 586 (see also Sucrose) ; 
action of diastase on, 255, 287; addition 
of to wine musts, 246; boiling to crystal¬ 
lisation, 160; burnt, 168, 176; carbona- 
tion process, 150, 151 ; centrifugalling 
processes, 161, 162, 163, 164 ; citric acid 
fermentation of, 374 ; climax, 168 ; com¬ 
pounds of, 142, 143, 150, 163, 164 (see 
Sucrates); cost of production, 144; 
crystallisation of, 142 ; cube, 166; curing, 
161 ; decomposition by yeast, 226; 
diffusion process, 145; drying pro¬ 
cesses, 161-162 ; estimation of, 118, 119, 
169, 170, 250; fermentation of, 143, 240- 
241, 374 (see under Fermentation in¬ 
dustries) ; granulated, 166 ; grape juice, 
243 ; growth of moulds on, 162; influence 
on diastase, 255, 289; invert, 168-169 
(see Glucose) ; isoprene from, 366*; 
literature of, 141 ; loaf, 166 ; maple, 169 ; 
oxidation by moulds, 225 ; palm, 169 ; 
rotation of, 142 ; solutions of, 169-170 ; 
statistics of, 143, 144 ; valuation of, 142 ; 
163; wood impregnation with, 190; 
yield from beet, 144, from cane, 144 
Sugar beet, alcohol from, 280,283; dried slices 
for cattle, 148-150; improvement of, 144 

— boiling, 166 

— cane, analysis-of, 144 ; extraction process, 


— char filters, 165 

—- crystallisation, 160* 161, 162, 166 

— defecation, 150 

— of lead, 331, 332 

— of lime—see Calcium sucrate 

— recovery from molasses, 161, 163-164 

— refining, 164-166 

— residues, distillation of, 390 

— saturators, 151 

— soaps, 112-114 

— solutions (see also Sugar syrups ) ; clari¬ 

fication, 150^ 151-155, 164, 165, 170; 
specific gravity of, 169-170, 290 

— splitting enzymes, 227 

—- syrups,crystallisation of, 160-162; evapora¬ 
tion of, 156; grain boiling, 160, 166; 
exhausted, 163; oxalic add in, t$o; 
purification of, 150, 435» liming pro¬ 
cesses, 151 $ saturation process, 151-153 


Sugars, brewing, 252, 253, 254, 265 ; classi¬ 
fication of, 141; equivalency of to barley, 
273 ; hydrolysis of, 221; loss of during 
malting, 260; pentoses, rubber from, 
354» 358 ; presence in malt, 263, 265; 
presence in mashes, 292; production 
from starch, 166-168,286-287 > fermenta¬ 
tion of, 143,240-241,374 (see under Fer¬ 
mentation industries) ; varieties of, 169 
Sugary materials, alcohol,from, 283 
Sulphaminebenzoic acid, 171 
Sulphanilic acid, 432 

Sulphate, ammonium, 190, 191, 395, 527; 
dimethyl, 377 ; barium, 47, 215,506, 561, 
579, 661; calcium (see Calcium sulphate) ; 
magnesium, 524, 527, 561 ; sodium, 266, 
547 , 549 

— process for cellulose, 195 
Sulphated oil, 549 
Sulphates, in wine, 245 ‘ 

Sulphide dyes, 439, 477 * 478 , 55 $ 

Sulphides, estimation of, 573 
Sulphine (dye), 545 
Sulphitation of sugar syrups, 153 
Sulphite cellulose, 192-195,202 ; residues, 294 

— lye liquors, 195 
Sulpho-benzene-stearic acid, 92 
Sulpho-carbonate, 395 
Sulpho-ichthyolicum, ammonium, 614 
Sulpho-naphthalene-stearic acid, 93 
Sulphostearic acid, 98 

Sulphonal, 608 

Sulphonated oils, 43 ; see Sulphated oils 

— stearic acid, 91 
Sulphone azurin, 547 

— black, 547 

— hypnotics, 609 
Sulphonic acids ? 431-433 

Sulphur, bleaching with, 523; estimation in 
gases, 408; in coal, 392 ; in gas, 393, 
?94» .395» 396; in rubber fabrics, 528; 
m wines, 245 ; removal from coal gas, 
395 ; use for vulcanisation, 360 
—- bacteria, 225 

— bases, 429 

— blue dyeing, 537 

— chloride, 360 

— dioxide, action on cellulose, 194 ; bleach¬ 

ing with, 523, 525 ; glue extraction with, 
595 ; treatment of sugar syrups with, 153 

— colours, dyeing with, 545-546 

— dyes, 439 . 477 - 478 , 556 

— thiogene, 546 

Sulphuretted hydrogen, extraction from gas, 
325 ; see also Hydrogen sulphide 
Sulphuric add, action on cellulose, 187, 294; 
action on oleic acid, 98; action on wood, 
187,994; fuming, 408,431; concentrated, 
408, 431 460, 549; nitrating, 620, 624, 
625 ; regeneration of, 423, 625 
Sulphurous acid, 194, 228; see also Sulphites 
Sultan dyes, 545 

Sumac, 490, 551, 574 * 582; adulteration of, 
574; statistics, 578; use in dyeing, 549 \ 
skivers, 580, 582 
Sumach—see Sumac 
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Sumatra camphor, 340 
Sun yellow, 450 
Sun-bleaching of linseed oil, 38 
Sunflower seed, 29 

— seed oil, 44, 54, 56, 63, 109-110; soap, 

109, 110 

Sunshine, sugar formation by, 242 
Superheated steam, saponification by, 89 
Sujferphosphate, decolourisation by, 164 
Suprarenal glands, 610, 611, 612 
Suprarenine, 610 
Surface charring of wood, 191 

— illumination, 410-411 
Surgery, 629 

Sweat glands, 567 
Sweating barley, 256 

— paraffin, 16 

— soap, 110 
Sweden, 294 
Sweet fennel, 283 

— oil, 44 

— process of starch manufacture, 180 

— water ? 125, 126, 129 
Sweetening chemicals, 171 
Swill, 182 a 
Sylvestrine, 338 
Syntans, 574 

Synthetic antipyretics, 606 

— camphor, 340-342 

— colouring matters, 439-480 

— drugs, 601 

— perfumes, 136 

— Products Co., 314, 366^-366^ 

— rubber, 366-366/6 

— scents, 136-138 

— tanning materials, 574 
Syphilis, drugs for, 613-614 

Syrups (see also under Sugar syrup , Starch 
syrup , eic.\ golden, 163 

— brewing, 168, 252-253, 273; starch, 166- 

168 

T 

Tachardia lacca , 348 
Tail products, 306, 307 
Tallow, 21, 24, 35, 40, 54, 58, 61, 62, 64, 65, 
87, 90; bleaching, 35; fish, 41 ; Japan, 
42 ; iodine value of, 63 ; saponification 
of, 102, 107 ; statistics, 22, 23,24 ; vege¬ 
table, 42, 62 

— oil, 40, 54 * 58 , 63, 65 

— soap, 102, Z09-ZXO, 115 
Tampico fibre, 517^ 519 
Tan liquors analysis, 583 
Tanking oil, 34 

Tannage, mineral, 584 et seq .; oil, 589 
Tannate, calcium, 546 
Tan nates, iron, 490 
Tanned leather, glue from, 594 
Tanners’ tools, 572 

Tannic acid, 195* 243* 3 * 4 , 525, 546, 548 - 549 , 
573 : see also Dyeing Inks , Tannings 
Tannins 

Tanning, 565*589 j bacteria of, 225 $ literature, 
565 1 soaking process, 569; theory of, 
566-567 


Tanning materials, 373-574* 575 J analysis of, 
583; extraction of, 574-575 * statistics 
°f, 575 

Tannins (see also Tanmc acta), action on 
gelatine, 596; artificial, 574; action on 
glue, 593,595 ; analysis of, 583; catechol, 
573 ; classification of, 490; colloidal com¬ 
pounds of, 533; hop, 254; ink from, 
490; iron blueing, 490; iron greening, 
490; nature of, 573; presence in wine, 

245 ; pyrogallol, 573; synthetic, 574 ; use 
as mordants, 548-549,550,551; use in silk 
weighting, 550; waterproofing with, 527 

Tantalum lamps, 407 

Tanyard, chemical control of, 583-584 

Tapioca, 175, 176, 182^ 

— starch, 182^ 

Tar, bone, 428 ; coal, 415 416 (see Coal-tar ); 
coke-oven, 416 ; distillation of, 329-330, 
416; extractors, 393-394 ; gas, 416; fiee 
carbon in, 420; pine, 329; presence in 
oils, 12; separation from gas, 393-394 ; 
statistics of, 330, 339; water estimation 
in, 420 ; waterproofing with, 527 ; wood, 
325,328-330 

— oils, 329, 417 

— oils scrubbers, 394 
Tarpaulins, 527 

Tartar, cream of, 234, 242 ; tartaric acid 
from, 371-373 

— emetic, 583 ; substitutes for, 319, 370 
Tartaric acid, 234, 242, 371-373; absence 

from fruit wine, 249; acidity due to, 

246 ; decolourisation of, 373 ; in lemon¬ 
ade, 250; literature of, 371; manufacture, 
371 “373 J presence of lead in, 373 ; pro¬ 
perties of, 373; statistics, 373 ; use in 
silk industry, 545 ; uses of, 373, 545 

Tartrates, 247, 373, 615 
Tartrazin, 450, 491* 547 , 656, 657 
Tasar silk (see Tussah silk y Tussore silk y 
Wild silk), 518 
Tatham’s oil-gas system, 399 
Tea for caffeine, 602, 616 
Teasing machine, 624, 625 
Technical gas analysis, 408 
Telegraph poles, 190 

Temperature, effect on hydrogenation, \oob, 


Tendering of cotton, 546 
Terebenthene, 337 
Terminalia chebula , 574 
Terpeneless oils, 135 
Terpenes, 133, 135, 337, 33 * 
Terpineol, 137 
Terra alba, 507 

— japonica, 346 

— orellana, 485 
Terracotta (dye), 444 
Terre verte, 502 
Testa, 179 

Tetrabromindigo, 461-462 
Tetrachlormethane, 359 
Tetrachloride, carbon, 359 
Tetrachlorindigo, 461 
Tetraiodofluorescein, 471 
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Tetrakisazo dyes, 449 
Tetramethyldiamidoazobcnzol, 435 
Tetramethyldiaminobenzhydrol, 434 
Tetramethyldiaminobenzphenone, 434 
Tetramethylenediamine, 366c 
Tetranitrodiglycerides, 623 
Tetranitromethane, 637 
Tetramtronaphthalene, 634 
Tetrazotised diamines, disazo dyes from, 445 
Tetronal, 608-609 
Tetryl, 638 

Textile fibres, 515-519 

— soaps, 109,1x4 x15,117; see also Iso soap, 

11 7 

Thalli, 225 
Thebame, 615 
Theobromine, 616 
Theocine, 616 
Theophylline, 616 
Thermometer degrees, 664 
Thiazine, 545 

— nng, 477 

— dyes, 477-478 
Thiazole dyes, 458, 477-478 

— ring, 478 

Thickening agents, 183, 184, 560 
Thioflavine T, 478 
Thio-indigo, 439, 463-465 
Thio-mdigo dyes, 463-466, 556 

— ^d, 463, 556 

— scarlet, 465, 556 

— violet, 556 
Thion, 546 
Thional, 546 
Thiosahcylic acid, 458 
Thiosulphate, 199, 585 ; sodium, 199, 585 

— destroyers, 660 
Thiotolene, 366*, 36 6/ 

Thiotoluidine, 429 
Tbioxine, 546 
Thioxydant lumidre, 660 
Thorium salts, 406, 407 

— nitrate, 406, 407, 657 
Thrombase, 221 
Thymol, 137 

Tibet wool, 517 
Tighc add, 2X 

Timber, 190-191 (see also Wood) ; creosote 
for, 418; creosoting, 190; drying of, 
191; fireproofing, 191; impregnating, 
190 ; literature of, 190; metallisation of, 
190; preservation of, 100-191; sapping, 
191; statistics, x88; surface charring, 191 
Time lights, 657 
Tm salt, 524 

— salts, 551 
Titan, 545 

Titanium lactates, 3x9 

— potassium oxalate, 583 
Toilet soap, 107. tn-xxa 
Tokay wine, 248 
Tolite, 634 

Toluene (Toluol), 171, 4 * 7 , 4*X, 634; aitro 
derivatives of, 4*3, 632-634,636 

— sulphamide (see Toluol sulphamide\ 171 
—* sulphocMoride, 171 
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Toluene sulphonic acid, 171 
Toluidine, 425, 467 
Toluol—see 'Toluene 
Toluol-sulphamide, 171 
Toiuthiazol, 429 
Toluylene, 545 

— orange, 447 

— red, 446 

Toning baths, 660, 661 • 

Tonite, 645 
Tonquin beans, 138 

Top fermentation, 228-229, 244, 274, 2765 
see Top yeast 

— yeast, 227, 228, 229, 234, 276 
Tops, 517 

Torpedo powder, 645 
Torpedoes, 628 
Toumesol, 484 
Tous-les-mois starch, 178 
Tow, statistics, 518-519 
Tragacanth gum, 117, 346, 560 
Tragasol, 347 
Transparent candles, 98 

— soaps, 107, IX2-XX4 
Trays for stills, 300, 303 
Treacle, 163 
Treber, 243 
Trehalase, 221, 227 
Trehalose, 221 

Trench’s flameless explosive, 635 
Trester, 243 
Triacetoneamine, 605 
Triamidodiphenyltolylcarbinol, 469 
Triamidoresorcin, 659 
Triamino dyes, 469 
Triaminotriphenylmetbane, 467 
Trianthraquinonylamines, 457 
Triarylmethane ayes, 466 
Triazol (dye), 545 
Tribromindigo, 461 
Trichlorethane, 359 
Trichlorisopropyl alcohol, 608 
Tridecylic acid, 20 
Tridecylin, 20 
Trigemine, 607 
Triglycerides, 20 
Trihydric phenol developers, 659 
Trilinolenm, 40 
Trilit, 634 

Trimethylamine, 41, 163, 376 

— chloride, 376 
Trinitrobenzene, 634 
Trinitronaphthalene, 634 
Trinitrophenol, 423,632 ; see Picric acid 
Trinitrotoluene, 423, 633-634, 635,636, 638 

— primers, 628 
Trinidad pitch lake, 18 
TrinoL 634 

Triolein, 20, 40; hydrogenation lood 
Trional, 608 
Trioses, 141 

Trioxyanthraquinone, 451 

Trioawmethylene, 375 

Tripalmitan, 20 
Triphenine, 606 
Triphenylmethane, 466 
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Triplastite, 634 
Triple compounds, 548 
Triple-effect evaporators, 155-159 
Tripoli, 629 
Trisazo dyes, 447-449 
Tristearin, 3, 20, 22, 89,91, 102 
Tropacocaine, 603, 604, 606 
Tropaeoline, 442, 547 
Tropine, 603 

Trotter photometer, 410-411 
Trotyl, 034 
Truxiliine, 603 
Trypsin, 221 
Tubing, rubber, 362 
Tumbler, 569, 570 

Tumeric, 87, 486, 546 ; statistics, 483 
Tung oil, 45,49,61,62,63,65; polymerised, 50 
Tungstate, sodium, 527 
Turbines, centrifugal, 161, 162, 163, 541, 543 
Turkey galls, 490 

— red dyeing, 534 

— red oUs, 43, 451, 545, 549 , 55 *. 586 
Turners’ yellow, 500 

Turpentine, 281, 328, 337-339 (see also Tur¬ 
pentine oil, Turpentine spirit); literature, 
337,; solvent for resins, 350 (see also 
Varnishes ); statistics, 339; steam ex¬ 
traction of, 338 
Turpentine driers, 48 

— oil, 135, 325 , 337 , 3 S 9 5 isoprene from, 

366 d ; statistics of, 22 

— spirits, 337 

— substitutes, 8, 338 
Turpi neol, 339 

Tussah silk, 518 ; tests for, 216 ; see Tussore 
silk 

Tussol, 607 

Tussore silk—see Tussah silk 
Twaddle degrees, 665 
Twin cylinder drying machine, 83 
TwitcheU’s process, 92-93, 109 
Typewriter inks, 492 
Typhus bacteria, 224 
Tyramine, 613 

Tyres, 364 

Tynan purple, 420^463, 485 
Tyrosinase, 221 
Tyrosine, 77 


Ultramarine, 493,499, 504*505, 511, 561 

Ultramicroscopes, 533 

Umber, 501 

Undecyhc acid, 20 

Under proof spirit, 312 

Underbade, 271 

Underletting, 269 

Unhairing, 571 

— knife, 572 

— machines, 571 
Union dyes, 545 
Unions, dyeing, 546 
United Soap works, vxtf 
Unsafe explosives, 635-636 
Unsatumted adds, 21 
Uranium intensifier, 66x 
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Urase, 221 

Urea, 67, 171, 609; polymerisation of iso 
prene by, 366^; use as stabiliser, 208 
Urticaceae, 5x6 

V 

Vacuoles, yeast, 227 

Vacuum distillation, 5, 10, 15, 124-125, 128 
337 , 416 

— drying plant, 356 

— pans, 81, 123, 155-160 ; see Evaporation 

— evaporators—see Vacuum pans 
Valeral, 254 

Valerate, amyl iso-, 383 
Valeric acid, 20, 254 
Valerin, 20 

Valonia, 490, 574 , 575 , 577 
Valve discs, 189 

Van Ruymbeke’s glycerol recovery ptocess 
122-126 

Vandura silk, 214 
Vandyke brown, 501 
Vanilla, 137 
Vanillin, 136, 137, 138 

Varnishes, 48-49, 211, 281, 493; black, 60; 
dyesfor,475; natural,49; nitro-cellulose, 
49; oil, 48 ; resins for, 345 ; spirit, 49 ; 
water, 49 ; yellow, 348 
Vaseline, 10, 13, 22 
Vat dyes, 461, 553-558 

— red B, 556 

Vats, dyeing, 534-544; fermentation, 292; 
yeast, 235 

Vegetable alkaloids, 615-616 

— fats ; classification, 39; differentiation 

from animal, 66; see Fats, Fatty oils , Oils 

— fibres, 5*5-517, 5*8 ; dyeing, 532 

— oils (see also Oils), 19 et seq .; distinction 

from animal, 66; manufacture of, 26 
et seq. ; statistics of, 22, 23, 24 

— tallow, 42, 54, 58, 62 

— waxes, 60 

Velocity of hydrogenation, \oob, 100c 
Venetian red, 49, 501 
Ventzke degrees, 170 
Vera Fedtraffineri, 100 n 
Veratrine, 615 
Veratrum sabadilla , 615 
Verchow’s dephlegmator, 303, 306 
Verdigris, 503 

Vereinigte Chemische Werke, 93 

— Glanzstofffabriken, 213 
Vereinigten Kunstseidefabnken, 213 
Vermilion, 493, 508-509 
Vemon-H&rcourt pentane lamp, 410 
Verona yellow, 500 

Veronal, 609-610 
Vertical retorts, 326, 391 

— Welsbach burners, 407 
Vi*casein, 80 

Victoria blue, 470, 531, 548 
—- green, 468 
Vicuna wool, 517 
Vidal black, 439, 478 
Vienna bread, 179 
Vigorite, 644 
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Vinassc, 294 
Vine, 242 

Vinegar, 224, 315-317 i coleur for, 168; con¬ 
version process for, 315 ; essence of, 
331; faked, 317; literature of, 315; 
malt, 315-317; mother-of-, 316, 317; 
statistics of, 317 ; table, 331; wine, 317 ; 
wood, 328, 330 

— plant, 224 

Vinyldiacetoneamine, 605 

Violamines, 472 

Violanthrene, 456, 556 

Violet scents, 136, 137, 385 

Violets, essence of, 385 

Violle’s platinum light standard, 410 

Viscidity of wine, 245 

Viscose, 189,215 ; sizing, 200 ; waterproofing 
with, 189, 214, 527 

— silk, 214, 216 

Viscosity, of nitrocellulose solutions, 624 ; of 
oils, 9, 10 
Visem, 80 
Vitali's test, 313 
Vitis vinifera, 242 
Vividanthrene, 556 
Voelteris wood-pulping apparatus, 192 
Volatile solvent recovery, 640-641 
Vulcan powder, 644 
Vulcanised fibre, 189 
Vulcanisers, 360 
Vulcanising rubber, 197, 360 
Vulcanite, 361 ; substitutes for, see Artificial 
bone , Horn, etc . 


w 

Wageneris dephlegmator, 304, 306 
Wakefield grease, 53 
Walnut oil, 45, 54, 56, 63, 64, 65 
Walsrode powder, 646 
Waltham Abbey, 620, 624, 626 
Wash, dry, 312 ; spent, 312 

— leather, 589 
Washer scrubbers, 394 
Washing machines, 521, 541, 542 

— powder, 115 

Waste acid, revivification of, 423,621,625,628 

— lye evaporators, 123, 124 

Water, brewing, 266; Burton, 266 ; calcium 
sulphate, removal from, 266; Dublin, 
266; dyeing, 533-534; in oils, 12 ; in tar, 
420; iron in, 534,569; lime in, 534 ; salts 
in, 266; softening, 534, 544*545> 5$9 J 
tanning, 569; evaporation of, 156, 159 

— gas, carburetted, 389 ; hydrogen from, 406 

— glass (see also Sodium silicate } Silicate ), 

194; fireproofing with, 527 ; sizing with, 
200; soap filling, 117 

— marks, 201 

— paints, 511 

— soluble oils, 12 

— scrubbers, 394 

Waters, aerated, 249-250; mineral, 249-250 
Waterproofed fabric, 189,526-527; analysis 

of, $27 

Waterproof papers, 94,202 


Waterproofing processes, 189, 360-362, 526* 

5*7 

Wattle, 574 
Wau, 486 

Wax, bees, 52, <3, 54, 59, 63, 89; carnauba, 
54, 59, 60, 63, 89, 526; ceresine, 17, 18, 
89, 97, $26 ; Chinese, 53, 62,63 (see Insect 
wax); cotton-seed,60; fiax,6o; gondang, 
60: insect, S3, 62, 63; Japan, 42, 54, 
58, 61, 62, 526 (see Japan tallow); 
montan, 18 ; myrtle, 42, 54, 58 ; ocuba, 
60; opium, 60; palm,. 60; paraffin, 7, 
62, 89, 526; pisum, 60; spermaceti, 52, 

53, 54, 59, 61, 62, 63, 89, 637 ; wool, 53, 

54 , 59 , 63, 526 

— candles, 89, 97 

— waterproofing, 526, 527 

Waxes, 3, 39, 40, 52-60 ; classification, 39; 
liquid, 52, 53, 54, 59; literature of, 15; 
mineral, 15 ; nature of, 3 ; saponification 
of, 66; solid, 53, 54, 59, 60; specific 
gravities of, 61 ; tests for, 63 
Weights and Measures, 663, 664 
Weld, 552 

Welding, oxy-acetylene, 403 

Weldon mud, 395 

Wellner-Telinck evaporator, 156 

Welsbach burners, 407 

Werner, Pfleiderer & Perkins* mixers, 631,639 

Wesson process, 85 

West Indian rum, 163 

Weston centifrugal machines, 161, 162, 163 

Wet liming, 151 

Wetter-dyammon, 620 

Wetterfulminite, 635 

Whale oil, 26, 54, 59, 61, 62, 63, 65 ; hydro¬ 
genation of, ioob, 100/, 1000, loop 
Wheat, chemical composition of, 178, 284 

— grains, anatomy of, 179 

— malt, 286 

— starch, 176, 177, 178, 179-181, 183 
Whey, 69, 75 

Whisky, 295; alcoholic strength of, 279 ; 
flavourings for, 295; Irish, 295-296; 
mashes for, 287 ; pot-still, 285 ; Scotch, 
283, 285 ; worts for, .292 

— distillers, 282, 285 
Whitby amber, 347 

White, Chinese, 507; production of pure 
tints, 201 

— boiling, 518 

— lead, si, 493 . 497 - 499 . 5°9 

— mustard oil, 44 

— of egg, 245 

— shellac, 348 
Whitewash, 512 
Whiting, 5o 7 » 511 

Whole milk, composition of, 83 
Wholemeal bread, 179 

— flour, 179 
Wicks, candle, 95 

Wigs, artificial hair for, 2x5 

Wild silks, 216, 518, 525; see Tussak silk 

— yeasts, 227, 228,230, 236, 244 
Willesden fabrics, 189, 527 
Willow ca*f, 587 
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Wine, 242-251: acidity of, 242,246-247, 250; 
addition of alcohol to, 246; after-fermen¬ 
tation of, 244; age, effect on, 245 ; 
alcoholic strength of, 246, 248 ; analysis 
of, 250; antiseptics in, 245 ; apple, 249, 
250; bitterness of, 245; bouquet of, 245; 
coal-tar colours in,251; colouring matters 
of, 243, 244, 351; diseases of, 245 ; dis¬ 
tillation of, 251, 283 ; effervescing, 247- 
248; esters in, 245; extract of, 246; 
fining of, 245 ; first, 243; foulness of, 
245 ; freezing of, 247 ; glycerol in, 247, 
251 ; improving, 245 ; literature of, 242 ; 
Madeira, 246,248; Malaga, 248; Melton, 
230; palm, 249; plastenng of, 245, 251, 
37f ; Port, 246, 248 ; potassium tartrate 
in, 244,371; principal period of fermenta¬ 
tion of, 244; racking, 245 ; red, 243, 244, 
246; ripening of, 244 ; ropiness of, 245 ; 
sherry, 246, 248; statistics of, 249; 
storing of, 244, 245; sugar in, 250; 
sulphate in, 245, 251 ; sulphur in, 245 ; 
sulphurous acid in, 251 ; Tokay, 248; 
viscidity of, 245 f white, 243, 246 
Wine butts, 244 

— coleurs, 168 

— extract, 250 

— fusel oils, 251 

— lands, 242, 248, 249 

— lees, 242, 371*372 

— musts, 272, 273; improvement of, x68, 

245-246 

— oils, 226 

— presses, 243 

— vinegar, 317 

— yeasts, 229-230, 242, 243, 244 

Wines, alcohol estimation in, 250 ; alcoholic 
strength of, 248, 250; American, 248; 
analysis of, 250-251 ; Australian, 248 ; 
Austria-Hungarian, 248 ; blending, 245 ; 
dessert, 248; dry effervescing, 248; 
Canary Islands, 248; French, 248; fruit, 
249 ; German, 248; Greek, 248; Italian, 
248; medicinal, 248; mineral salts in, 
251; Persian, 248; Portuguese, 248; 
press, 243; removal of acidity, 245 ; 
Russian, 248; South African, 248 ; 
Spanish, 248; sparkling, 244, 247-248; 
sweet, 248; sweet effervescing, 248; 
Swiss, 248; Turkish, 248; varieties of, 
248 

Winter oils, 38 
Wire-cloth, 201 

Wire-flooring for malt kilns, 360 

Withering malt, 260 

Withnell powder, 645 

Woad, 486, 5 S 4 * SSS 

Wolfram lamps, 407 

Wolly-Zeiss butter refractometer, 74 

Woman’s milk, 67, 68 

Wood, 187,190,192 (see also Timber, Cellu¬ 
lose) ; alcohol from, 294; chloracetic 
acid from, 460; creosoting process, 190; 
drying, 191; fireproofing, 191 ; impreg-* 
nation of, 190; mechanical, 202, 203; 
metallisation of, 190, 191 j preserving 


processes for, 190-191 ; sapping, 191; 
statistics, 188 ; steam distillation of, 327; 
surface charring, 191,* yield on distilla¬ 
tion, 325 

Wood cellulose, 293-195, 196, 202, 203, 214; 
cloth from, 197; properties, 196; test 
for, 203 ; yarn from, 197 

— charcoal, 323 et seq. 

— distillation, 323-333 

— flour, 630, 632 

— 45 , 54 , 56 , 332 

— pitch, 330 

— preservation, 190-191 

— pulp, 192 et seq., 198 ; chemical, 192 ; 

literature, 192 ; mechanical, 192 ; statis¬ 
tics, 192, 203, 204 

— pulper, 192 

— resins, 326, 327 

— spirit, 281, 332-333 

— sulphite cellulose, 193-195, 196, 202, 214 

— tar, 328-330 ; distillation, 329-330 

Wood meal—see Woodflour 

— meal dynamite, 630, 631 

— waste distillation, 328 

— vinegar, 328, 330 

Woodall-Duckham carboniser, 392 

Wool, 517 ; bleaching, 523, 524 ; carbonising, 
517, 534; dyeing (see Wool dyeing)) 
estimation of, 527; long-stapled, 517 ; 
pulled, 517 ; saddening, 553 ; scouring 
soap for, 114, 115; short-stapled, 517; 
statistics, 518, 519; varieties of, 517 

— black, 547, 655 

— dyeing, 539, 545, 546, 548, 553, 554, 555 i 

dyeing black, 551-552 ; dyeing combed, 
538, 539 ; dyeing with acid dyes, 547 ; 
dyeing with alizarin, 553; dyeing with 
basic dyes, 548; dyeing with basic 
mordants, 550; dyeing with direct 
cotton colours, 545 ; dyeing with indigo, 
554, 555 J preparing for dyeing, 534 

— dyes, 442-443 

— grease, 52, 53, 54, 59, 60; see Lanolin, 

Wool wax 

— green, 547 

— wax, 52, 53, 54, 59, 60, 63 

Woollen dyers’ soaps, 114, 115 

— goods, manufacture, 561 

— yarns, 517 

Worm, rubber, 356 

Worsted yams, 517 

Wortj 253, 265 et seq .; alteration of composi¬ 
tion during fermentation, 274-275; 
bitterness of, 240; boiling and hopping 
processes, 271; colour of, 263a; com¬ 
position, 273, 275 ; control of fermenta¬ 
tion of, 274, 275 ; conversion to standard 
gravity, 273; extract in, 273 ; fermenta¬ 
tion of, 240, 273-274, 275, 276-277, 291- 
292; for heavy beers, 273; for light 
beers, 273 ; hopping, 271-272 ; pitching 
temperature of, 273 ; quantity obtainable 
from malt, 273; sour, development of 
yeast in, 228, 229, 235, 292; specific 
gravity of, 273, 275, 290; standard 
gravity, conversion into, 273 J rate of 
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fermentation of, 240; sweet, 292 ; yeast 
cultivation in, 231, 232, 233 
Wort coppers, 271-272 
—- refrigerators, 271, 272, 273 
Writing paper, 202 

X 

Xanthate, cellulose, 189 
Xanthene, 471 

Xanthogenate, cellulose, 2x4 
Xanthorhamnm, 485 
Xylan, 192 
Xylene, 417, 42 1 
Xylenol, 418 
Xylidene, 425 

— scarlet, $47 

— sulphonic acid, 432 
Xylol, 421 

Xylolin, 197 
Xylonite, 188, 208, 209 
Xylose, 141, 195 

Y 

Yarmouth silks, 216 

Yarn, carded, 517; drying, 543; meteor, 
215 ; sirius, 215 ; wood cellulose, 197 ; 
worsted, 517 

— dyeing, 537 , 53 ^ 

Yaryan evaporators, 575 

Yeast, 223, 226-241 ; adulteration of, 236; 
aerated, 235, 236; alcoholic concentra¬ 
tion producible by, 228; ash of, 227 ; 
auto-digestion of, 227, 240; biological 
control of, 233; budding of, 226; 
chemical analysis of, 236; chemical 
composition of, 227; clotting enzymes 
in, 221 ; compressed, 234-236; culture 
of, 231-234; decomposition of sugar 
by, 226; degeneration of, 233-234; 
deterioration of, 236 ; diastatic stimula¬ 
tion of, 287 ; distinction between culture 
and wild, 238; employment of pure, 
£76, 277 ; enzymes of, 221,226 ; extracts 
of, 275; fermenting power of, 238, 239 ; 
fermentation of sugar by, 143 ; foods for, 
227, 259, 273 ; foods prepared from, 
275; granules in, 227; growth of; 227, 
240, 241; Hansen’s apparatus for, 231 ; 
Hansen's single cell culture of, 231 ; 
life conditions of, 227; Lindner's drop 
culture of, 231 ; Lindner's apparatus for, 
232* 233» nourishment of, 227, 259, 273 ; 
old, 227, 236, 240; pitching, 233 ; 
poisons, 228; pure, 276, 277; pure, 
cultivation of, 231-234; races of, 228- 
230; rate of alcoholic fermentation of, 
239-240; removal from beer, 274; 
ripening of, 292; seeding, influence 
on yeast crop, 241; self-fermentation 
of, 227 j spore formation of, 227, 228; 
starch m, 236, 238; statistics of, 234, 
236, 27$; structure of; 227; use of, in 
distilleries, 292; utilisation of excess, 
275 ; vacuoles ofc 2 27 

— culture, 231-236; Hansen's methods, 231* 


236; Lindner's methods, 231, 232, 233 ; 
see Yeast y compressed 
Yeast, diastase, 371 

— endotryptase, 221 

— factories, 237 

— invertase, 143 

— manufacture, 234-236 

— races, 228-230; see also Yeasts t kinds of 
Yeasts, kinds of:— 

Ale yeasts, 229 

Baking yeasts, 228, 229, 234-236 
Beer yeasts—-see Brewery yeasts 
Berlin races, 229 

Bottom-fermenting, 227, 228-229, 2 33 
Brewery yeasts, 227, 228, 229, 240, 291 
Carlsberg, 229 
Cider, 230 

Compressed, 234-236 

Cultured, 227, 228-230 ; spores of, 238 

Distillery, 228, 229, 291 

Frohberg, 229 

High—see Top-fermenting 

Kahm, 230 

Kephir, 70 

Lager beer, 229 

Low, 228 

Saaz, 229 

Top-fermenting, 227, 228-229, 233, 276-277 
Wild, 227, 228, 230, 236, 238, 244 
Wine, 229-230, 242, 243, 244 
Yellow berries, 485 

— dyes (natural), 485-486 

— prussiate of potash, 502 

— ultramarine, 507 

— wood, 485 
Yohimbine, 616 
Yolk, egg, 597 

— powders, 597 
Yonckite, 636 
Yorkshire grease, 53, 60 
Yttrium, 406 
Yumbehoa, 616 

z 

Zaffre, 503 
Zambesi (dye), 545 
Zanzibar, 347 
Zea Mays , L., 44 

Zeppelin's airship, hydrogen for, 405 
Zinc chloride, action on paper, 202; cellu¬ 
lose solution of, 189; impregnation with, 
190; tests with iodine, 203, 206 

— chromate, 507 

— green, 502, 503 

— lime vat for mdigo, 555 

— oxide, 507; enamels, 49; statistics, 509 

— pigments, 507-508 

— rosinates, 190 

— sulphate, sucrose inversion by, 142 

— sulphide, $ei 

— white, 215, $07 
Zinum itsitatUHmum^ 516 
Zirconium, 406 

— nitrate, 657 
Zymase, aax-aai, 227,253 
Zymia, 222 
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